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IN F O R M A T IO N  TO U S E R S
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one exp osu re  on  a s ta n d a rd  3 5 m m  s lid e  or a s  a 17" x  23" 
b la ck  a n d  w h i t e  p h o t o g r a p h ic  p r in t  for  a n  a d d i t io n a l  
charge.
P h o to g r a p h s  in c lu d e d  in  t h e  o r ig in a l  m a n u s c r ip t  h a v e  
b een  r e p ro d u ced  x e r o g r a p h ic a l ly  in  t h i s  copy. H ig h e r  
q u a l i ty  6" x 9" b la c k  a n d  w h i t e  p h o to g r a p h ic  p r in ts  a re  
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ABSTRACT
Agrobacterium tumefaciens causes crown gall tumor 
primarily in dicotyledonous plants. The infection 
mechanism reveals that a portion of bacterial DNA (T- 
DNA} is transferred into the plant nuclear genome. This 
transformation system is widely utilized in plant 
genetic engineering and plant molecular biology.
In this dissertation, two experiments were carried 
out. First, the copy number, physical structure and FI 
segregations of T-DNA copies were analyzed, attempting 
to understand the mode of T-DNA integration into the 
plant genome. While the mechanism of Agrobacterium 
response to plant signals and generation and transfer of 
T-DNA intermediates through actions of virulence genes 
is generally understood, the steps leading to the 
integration of T-DNA into the plant genome are not 
un d e r s t o o d . Toward that understanding, it was essential 
to investigate the physical and genetic characteristics 
of the transferred T-DNA within a plant genome. This 
study, analyzing 60 transgenic tobacco p l a n t s , indicated 
that T-DNAs were present from one copy to a few copies 
per genome and one to several chromosomal loci were 
integrated with T-DNA.
Second, vacuole targeting signal of a seed storage 
p r o t e i n  p h a s e o l i n  f r om P h a s e o l u s  v u l g a r i  s w as
iv
i n v e s t i g a t e d .  S eed s t o r a g e  proteins, comprising
approximately 50 % of the total protein of the seed, are 
known to be synthesized in the cytoplasm and transported 
into vacuole protein bodies. However, the protein 
signal necessary for the vacuole targeting is not known. 
Recent studies with yeast have suggested that the 
targeting signal may be within the polypeptide domain of 
the seed storage protein. In this study, a probable 
targeting signal of phaseolin was constructed and then 
tested in transgenic tobacco plants. A reporter
p r otein, GUS, was translationally fused to seven 
different lengths of DNA encoding phaseolin protein 
sequence. These constructions were cloned into a pTJS 
plant transformation vector. The vacuole targeting of 
the GUS protein will be investigated to identify the 
putative vacuole targeting signal of phaseolin.
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CHAPTER I
PHYSICAL AND GENETIC ANALYSIS OF TRANSFERRED DNA VIA 
AGROBACTERIUM TUMEFACIENS IN TRANSGENIC TOBACCO PLANTS
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ABSTRACT
Sixty transgenic tobacco plants were produced by c o ­
cultivation of leaf discs with Agrobacterium tumefaciens 
containing a binary vector. Transformed plants were 
selected for kanamycin and were regenerated to mature 
plants. T-DNA in the vector contained a selectable NPTII 
gene as well as other genes of interest. Genomic DNA was 
isolated from the transgenic plants and their physical 
structures were analyzed by Southern hybridization using 
respective two gene probes. EcoRI digestion of the genomic 
DNA revealed different hybridizing DNA fragments among the 
plants that were independently transformed with the same 
vector. Eight plants appeared to contain a single copy of 
T-DNA within their genome, whereas at least 47 plants 
contained more than one T-DNA copy. These multiple T-DNA 
copies were found integrated either at one chromosomal 
locus or at several loci. Thirty-six out of 59 plants 
e x a m i n e d  had m u l t i p l e  loci for T - D N A  integration. 
Furthermore, this analysis indicated that from one to about 
30 copies of T-DNA were maintained in the plant genome.
Seventy regenerated plants were self-fertilized to 
observe FI segregation of kanamycin resistance. Twenty- 
three plants showed a 3:1 segregation ratio, indicating 
that only one locus or linked chromosomal loci contained T-
DNA expressing NPTII gene. Frequently, the number of T-DNA 
loci determined by Southern hybridization did not agree 
with that indicated by genetic analysis, suggesting that 
certain T-DNA copies were not expressing the NPTII gene.
INTRODUCTION
Agrobacterium tumefaciens transfers part of its Ti 
plasmid, T-DNA (transferred-DNA), into plant cells, causing 
crown gall tumors (1-3). During the tumor induction
process the T-DNA, which is bordered by direct repeats of 
23 base pairs, is covalently integrated into the nuclear 
g e n o m e  of the transformed plant cell (4-6) . Once
i n t e g r a t e d ,  the T - D N A  g e n e s  are e x p r e s s e d  in the
transformed cells, resulting in the synthesis of plant 
growth hormones (7,8) and tumor-specific opines (9-11).
T h e  Ti p l a s m i d  virulence (v ir) genes (12) and
bacterial chromosome chv regions (13,14) are involved with 
the T-DNA transfer. The chv gene is constitutively 
expressed, while some vir genes are induced by a specific 
group of phenolic compounds, such as acetosyringone which
is found in the exudates of wounded plants (15,16). The
vir Dl/2 gene products cleave the T-DNA border sequence and 
become covalently bound to the 5'-termini of this cleaved 
DNA (17,18), A linear single strand transfer DNA
intermediate, T-strand (19), is then bound by vir E2 gene 
products (20,21). The processes of the T-DNA transfer 
appear to be similar to bacterial conjugation (22). 
However, little is known about the events that lead to T- 
DNA integration into the plant nuclear genome.
A
5Several vector systems that transfer genes of interest 
into plants have been developed utilizing the Ti plasmid of
A. tumefaciens (23) . The system frequently used is a 
binary system in which the vir genes and T-DNA are on 
separate plasmids within Agrobacterium cell (24,25).
Co-cultivation of Agrobacterium with either plant 
protoplasts, explants or seeds results in T-DNA cells that 
can be regenerated into mature plants. The transgenic 
plants transmit the newly acquired T-DNA genes into progeny 
in a Mendelian fashion (26,27). Under the control of a 
plant expressible promotor, the genes within the T-DNA are 
expressed in the plant.
Early studies on the physical structures of T-DNA 
demonstrated that T-DNA molecules are randomly integrated 
into the plant genomes (28). Several copies can be 
integrated into one or more sites on the chromosome 
(29,30). Frequently, a segment of T-DNA is deleted or 
rearranged (31,32). Mechanisms or factors responsible for 
these structural variations of the integrated T-DNA are not 
u n d e r s t o o d .  In o r d e r  to b e t t e r  u n d e r s t a n d  the
Agrobacterium-mediated gene transfer, it was critical to 
determine the frequency of the different types of T-DNA 
integration into the plant genome and the segregation of T- 
DNA into progeny. Here we report on studies of integrated
-DNA, determining the copy numbers, physical DNA structure 
nd genetic loci in 75 transgenic tobacco plants.
MATERIALS AND METHODS
(1) Bacteria, enzyme and chemicals
Agrobacterium tumefaciens strain PC2760 (24) was
obtained from Dr. R. A. Schilperoort, state University of 
Leiden, Netherlands. A wide host range plasmid pTJS75 and 
helper plasmid pRK2013 (33) were kindly provided by Dr. D.
R. Helinski, University of California, San Diego. E- coli 
strains HB101 and K802 (Appendix 1) were used for plasmid 
propagation and transformation.
EcoRI enzyme was purchased from either Bethesda 
Research Laboratories (BRL) (Gaithersburg, MD) or Toyobo 
(Japan). DNA Polymerase Klenow fragment was purchased from 
Pharmacia (Piscataway, N J ) , United States Biochemical 
Corporation (USB) (Cleveland, OH) or New England Biolabs 
(Beverly, MA) . Oligolabeling kit, pd(N)6 random primers 
and S e p h a d e x  G - 5 0  (DNA grade) were purchased from 
Pharmacia. 3MM paper and nitrocellulose paper were
purchased from Schleicher & Schuell (Keene, NH) . dCTP- 
alpha-32P was purchased from ICN Biochemicals (Irvine, C A ) . 
L-Laurylsarcosine, calf thymus DNA, bovine serum albumin 
(B S A ) , formamide, s o d i u m  chloride, citrate, ficoll, 
polyvinyl p y r rolidone, (N-Morpholino) ethane-sulfonic acid 
(MES), ethylenediamine tetraacetic acid (EDTA, disodium 
salt), boric acid, DL-dithiothreitol (D T T ), glycerol and 2-
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roercaptoethanol were purchased from Sigma Chemical Co. (St. 
Louis, MO). Sodium dodecyl sulfate (SDS) was purchased 
from Biorad Laboratories (Richmond, C A ) . X-ray film XR-5, 
cassette, fixing and developing solutions were purchased 
from Eastman Kodak company (Rochester, N Y ) .
(2) Aarobacterium-mediated tobacco transformation
A. Triparental mating
The pTRA plant transformation vectors in E .coli K802 
were transferred to Agrobacterium tumefaciens PC2760 by 
triparental mating with an £. coli strain containing helper 
plasmid pRK2013. The three bacterial strains were grown 
overnight in 50 ml LB containing appropriate antibiotics 
(tetracycline 5 ug/ml, kanamycin 10 u g / m l , streptomycin 250 
ug/ml) at 37°C (£. c o l i ) or 28°C f A g r o b a c t e r i u m
tumef a c i e n s ) . Onto a LB plate, single drops each of the 
three bacterial suspensions were spotted on top of one 
another and incubated overnight at 28°C. The grown cells 
were scraped and the cells were suspended in l ml of ddH 2° 
in an Eppendorf t u b e . Ten ul of the suspension were 
diluted 100-fold by adding 990 ul of ddl^O and the 100-fold 
dilution was repeated once. Then, 100 ul of the 10“  ^
diluted suspension was spread onto an LB plate containing 
streptomycin (2 50 u g / m l ) , tetracycline (5 ug/ml) and 
rifampicin (5 ug/ml) and the plates were incubated for
three or four days until Agrobacterium containing the pTRA 
vector colonies appeared. A single colony was picked and 
cells were restreaked onto Agrobacterium medium plate 
(Appendix 2) containing the three antibiotics. A single 
colony was purified once more on the same Agrobacterium 
medium plate,
B. Leaf disc co-cultivation
Hicotiana tabacum L. cv. Xanthi and Havana were grown 
in vitro in Linsmaier and Skoog media without any growth 
h o r m o n e s  at 28°C under constant light. They were
subcultured every four weeks.
Healthy, unblemished leaves were harvested from five 
week-old tobacco plants. Leaf discs were prepared from the 
leaves, using a sterile hole punch (10.6 mm hole diameter). 
Fifty leaf discs were placed in a petri dish (9 cm) and 
i m m e r s e d  in 10 ml of o v e r n i g h t - g r o w n  Agrobacterium 
tumefaciens cells. The Petri dish was shaken gently and 
then placed under reduced pressure for 1-2 minutes to allow 
the bacterial cells to infiltrate into the leaf d i s c s . 
These discs were blotted to complete dryness on sterile 
filter paper and transferred to nurse culture plates.
Nurse culture plates were prepared using a suspension 
culture of N. tabacum cv. P 7 . The N. tabacum cells were
grown in Linsmaier and Skoog medium supplemented with 1 uM 
2 , 4 -d i c h i  or o p h e n o x y  a c e t i c  a c i d  (2,4-D) and w e r e  
subcultured weekly. Two ml of the nurse cells were placed 
between two layers of Whatman filter paper (8.5 cm in 
diameter) in a Petri dish. Ten infected leaf discs were 
placed on top of this paper and were co-cultivated for six 
days at 2 7 under constant 1 i g h t .
After six days of co-cultivation, the leaf discs were 
transferred to primary shooting medium containing 300 mg/1 
kanamycin and 500 mg/1 carbenicillin, and were incubated 
for two weeks. Thereafter, leaf discs were transferred to 
secondary shooting medium containing 100 mg/1 kanamycin and 
500 mg/1 carbenicillin every two weeks or until no A. 
tumefaciens was detectable. Within two to three weeks, 
callus and shoots had appeared on the leaf discs in this 
selection medium. When the shoots had grown large enough 
to be excised, shoots were transferred to rooting media 
containing 100 mg/1 kanamycin and grown for two weeks at 
2 7 ® C  u n d e r  light. Only transformants expressing a
functional NPTII gene were rooted. These plants were 
transferred to soil with care. The plants were grown at 
2 7 ° C  u n d e r  constant light within a growth chamber. 
Regenerated plants were cultivated to maturity and were 
allowed to self-fertilize after flowering. The harvested 
seeds were stored individually at 4°C until analysis.
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(3) Genetic analysis of the segregation of transformed 
plants for kanamycin resistance
Inheritance of kanamycin resistance was determined 
using a seed germination test. The FI seeds were 
sterilized by soaking times in 95 % ethanol, followed by
rinsing five times in sterile H 2 O. The seeds were sown in 
MS medium containing 300 mg/1 of kanamycin. Tobacco 
seedlings were grown at 27(->C under constant light for four 
weeks. At this stage, kanamycin-sensitive seedlings
exhibited two light green-to-white cotyledons, no leaf and 
short roots. Kanamycin-resistant seedlings exhibited four 
to six dark green leaves and well-developed long roots.
The kanamycin-resistance phenotype was scored on the basis 
of these morphological differences of the seedlings.
The predicted 3:1 ratio of kanamycin-resistant : 
kanamycin-sensitive FI seeds was tested by the Chi square 
test, using a Type I error rate of 5 %.
(4) Preparation of tobacco DNA
DNA was isolated from freshly harvested leaves of 
transgenic tobacco plants according to Nagao et al. (34). 
Approximately 10 g of freshly harvested tobacco leaf tissue 
were frozen in liquid nitrogen and were ground to a fine 
powder using an ice cold mortar and pestle. The powdered
12
tissue was suspended in 25 ml of homogenization buffer 
consisting of 20 mM MES (pH 6.0), 20 mM KC1, 25 mM NaCl, 10
mM 2-mercaptoethanol, 600 mM sucrose, 40 % (v/v) glycerol
and 4 00 ng/ml ethidium bromide. The homogenate was
filtered through two layers of cheese cloth. A crude 
n u c l e a r  pellet was recovered from this filtrate by 
centrifugation at 2.2 Kxg for 30 min at 4°C. The nuclear 
pellet was resuspended in 6 ml of nucleus lysis buffer 
containing 100 mM Tris-HCl (pH 8.0), 20 mM NaCl, 10 mM EDTA 
and 1 % (w/v) lauryl sarcosine. Cell debris and nuclear
membrane were pelleted by centrifugation (10 Kxg, 10 min, 
4 ° C ) . CsCl was added to the nuclear DNA-containing
supernatant, and the density was adjusted to 1.55 g / m l , and 
the solution was centrifuged at 111 Kxg for 40 hr at 20°C 
(50Ti rotor, Beckman).
After centrifugation, the single nuclear DNA band was 
isolated. EtBr was removed by phase-partitioning with 20 x 
SSC-saturated isopropanol four to seven times or until the 
aqueous solution was completely free of the ethidium 
bromide color. This DNA solution was dialyzed three times 
against 2 1 of TE buffer at 4°C. The DNA solution was
concentrated by air-blowing with a hair dryer and the final 
DNA concentration was determined by Gilford Response 
spectrophotometry. The yield of DNA was between 20 and 100 
ug per 10 g tissue.
To assess the quality of DNA, aliquots of plant DNA 
were electrophoresed on a 0.7 % agarose gel containing EtBr 
(0.5 mg/ml). The isolated plant DNA migrated at a size of 
greater than 50 Kb (Fig. 1).
(5) Restriction enzyme digestion of tobacco DNA
Typically 5 ug of tobacco DNA was completely digested 
with 40-100 units of EcoRI in a 50-200 ul total reaction 
volume for 4-12 hr. The digestion was monitored by
electrophoresis of aliquots of DNA on a 0.7 % agarose
minigel. If needed, 20 units of enzyme were added every 1- 
2 hr u ntil d i g e s t i o n  was complete. As digestion
progressed, even distribution of digested DNA fragment 
smears was observed from top to bottom of the g e l . Samples 
not digested in the presence of excess enzyme could usually 
be completely digested when a larger reaction volume was 
used. On completion the reaction was stopped by heating 
the mixture for 15 minutes at 65°C. Cut DNA fragments were 
separated on a 0.7 % agarose gel at 40 V for 10 hr.
Complete digestion of plant DNA was assumed by detecting 
the even distribution of DNA fragments and of highly 
repetitive DNA fragment bands (Fig. 2). Completely
digested DNA samples were electrophoresed on a 0.7 %
a g a r o s e  gel (14x10 cm) and were used for Southern 
hybridization ana l y s i s .
1 2 3 4 5 6 7 8 9 10
Fiq.l. Intact total DNA preparations from mature leaves ot 
transgenic tobacco plants. No significant smears were 
detected. The sizes of the DNA were greater than that of 
bacteriophage lambda DNA {48 Kb). 200 ngs of DNA were
electrophoresed on 0.7 % agarose gel at 40 V for 10 hr in
IX TBE buffer. lanes 1 and 10, lambda DNA digested with 
Hindlll; lanes 2 and 9, lambda DNA undigested; lanes 3-8, 
DNAs from transgenic tobacco plants, Hav.420-9, Hav.420- 
15, Hav.420-18, Hav.420-19, X-409-NN16-1C and X-409-NN17-
1D, respectively.
Fig.2. Total tobacco DNA digested with EcoRI. 5 ug of 
DNA was digested with 40 units of Hindlll for 4-10 hr at 
37 C by adding aliquots of EcoRI every one to several hr 
lanes 1 and 7, lambda DNA digested with Hindlll; lanes 2 
6, tobacco DNA digested with EcoRI, X419-I, X419-A, X419
B, X419-Y and X419-Z, respectively.
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(6) DNA/DNA Hybridization Analysis by procedure of Southern
A. DNA sample preparation and controls
EcoRI digested tobacco DNA (transformed and 
untransformed) was analyzed for hybridizations to T-DNA. 
As copy number controls, several DNA samples were prepared 
by a d d i n g  u n l a b e l e d  p robe DNA to c o n c e n t r a t i o n s  
corresponding to specific numbers of transformed DNA copies 
per tetraploid tobacco genome. The molecular weight of a 
tetraploid tobacco genome has been estimated as 6.60 pg 
(35). Thus, by knowing the number of tobacco genomes 
equivalent per 5 ug of DNA, the copy number of samples of 
t r a n s f e r r e d  DNA in t r a n s g e n i c  t o b a c c o  g enomes was 
c a l c u l a t e d .
B. Preparation of probe DNA
Probe DNA fragments were isolated by the glass-powder 
method (36) with some modifications. Glass-powder was 
prepared by grinding a scintillation vial, followed by 
sedimentation through 2 1 of water for one hr in a 2 liter 
plastic cylinder. The top 1.5 1 solutions, containing
small to medium particles, were centrifuged (10 Kxg, 10 
min) to collect glass-powder.
The glass-powder was suspended in a small volume of 
water and was used for the recovery of DNA from agarose 
gels. DNA fragments were separated in agarose gels using 
Tris-acetate running buffer. Gel slices containing probe 
DNA were dissolved in two to three volumes of saturated NaX 
for 10-20 min at 4 5-5 5 ° C . About 1 mg of glass-powder was 
added per 2 ug of DNA expected to be in the agarose slice. 
DNA was allowed to bind to the glass-powder by continuously 
r o t a t i n g  the tube. G l a s s - p o w d e r  was collected by
centrifugation at 4.4 Kxg for 5 min. The pellet was 
suspended in 500 ul one-third diluted Nal solution and 
incubated for 30 min at 37°C to dissolve the remaining 
agarose. The pellet was then gently washed three times 
with 1 ml of 50 % ethanol, containing 10 mM T r i s - H C l , pH 
7.2, 100 mM N a C l , 1 mM EDTA, to remove Nal. DNA was eluted
from the glass by incubating in 20 ul of H 2O for 20 min at 
3 7 ° C .
c .  Oligolabeling
Oligolabeling was performed essentially according to 
the protocol provided in the Pharmacia oligolabeling kit. 
Approximately 100 ng of probe DNA in 10 ul of H 2O were 
denatured by incubating in boiling water for 5 min. 
Reagent mix, containing 4 nMs of dATP, d G T P , dTTP and 
random primer pd(N)6 was added to the denatured DNA. The
extension reaction was initiated by adding 2 units of 
Klenow fragment and 50 uCi of alpha-32P-dCTP. The reaction 
v o l u m e  w a s  i n c r e a s e d  to 50 ul w i t h  w a t e r  The
polymerization reaction was allowed to proceed for two 
hours at room temperature, and then was terminated by 
adding 20 ul of stop buffer (10 mM Tris-HCl, pH 8.0, 5 mM
EDTA) and 80 ul of H 2O.
32P-Labeled DNA was fractionated from unincorporated 
nucleotide on a Sephadex G-50 column (10 cm long, BRL) 
equilibrated with TE buffer. The column was eluted with TE 
and 0.5 ml fractions were collected in 1.5 ml Eppendorf 
tubes. The first radioactive peak of the polymerized DNA 
and the second peak of unincorporated 32P-dCTP were located 
by monitoring with a GM counter. The tubes with the larger 
amounts of radioactive DNA were pooled. The labeled DNA 
was mixed with 10 ug of calf thymus carrier DNA and ethanol 
precipitated. The specific activity of the DNA probe thus 
prepared was usually 108-109 cpm per ug DNA.
D. Southern blot hybridization
Southern blot hybridization was performed as described 
by Southern with some modifications (37). Plant DNA 
samples were transferred after agarose gel electrophoresis 
to nitrocellulose (NC) paper (Schleicher & S c h u e l l ) . The 
DNA fragment size standards used were Hindlll-digested
lambda DNA which was run at. the outer lanes of gels. The 
positions of these marker DNA fragments were copied onto a 
transparent plastic sheet before transfer, so that the 
m o l e c u l a r  w e i g h t  of h y b r i d i z i n g  s i g n a l s  c o u l d  be 
c a l c u l a t e d .
After separation of DNA fragments on an agarose gel, 
the gel was transferred into a plastic dish and the gel was 
immersed in 200 ml of 0.25 N HCl for 15 min at room 
temperature to depurinate and fragment the DNA. Gels were 
rinsed briefly in deionized water and the fragmented DNA 
was alkaline-denatured by soaking twice in 150 ml of 1.5 N 
NaCl/0.5 N NaOH and agitated for 30 min. The gel was then 
neutralized by immersion in 150 ml of 1.0 M Tris-HCl (pH 
8 .0).
DNA in the gel was then transferred by blotting onto 
an NC membrane. The inverted gel was placed on top of a 
sheet of damp Whatman 3MM paper and overlaid with a sheet 
of NC paper, two sheets of 3MM paper and a 5 cm-high stock 
of brown paper towels. Weights were placed on top of the 
paper towels to facilitate the transfer of 10X SSC through 
the gel. Air-bubbles between the gel, NC and 3 MM paper 
were completely removed. Transfer was complete in 24 hr at 
room temperature.
After DNA transfer to the NC filter, the filter was
soaked in 6X SSC at room temperature for 5 min and air- 
dried on 3MM paper for about 1 hr. The transferred DNAs 
were fixed to the NC filter by baking for 2 hr at 80°C 
under vacuum. The filter was stored between 3MM sheets 
under vacuum.
To prevent non-specific hybridization of probe DNA the 
filter was incubated in prehybridization buffer containing 
50 % deionized formamide, 5X Denhardt's solution (5 g each 
Ficoll, polyvinyl pyrolidon and BSA in 500 ml of H 2O) , 5X 
SSC, 50 mM sodium phosphate (pH 6.8) and 200 mg/ml of 
sonicated and denatured calf thymus DNA. Prehydridization 
was carried out at 42°C for from 2 to 4 hr.
After prehybridization, the buffer was removed and 5 
ml of hybridization buffer (same as prehybridization 
buffer) containing 32P-dCTP labeled and heat denatured
probe DNA (usually 106-107 cpm) was added. Air bubbles 
were removed and the bag was sealed. The hybridization 
reaction was allowed to continue for from 24 to 48 hr at 
4 2 ° C  w i t h  constant agitation in a water bath. The 
hybridization buffer was removed and the filter was washed 
twice in washing solution I with constant agitation for 30 
min at room temperature. The washing solution I consists 
of 2x SSC and 0.1 % S D S . Washing was repeated twice in 
washing solution II (0.1X SSC and 0.5 % SDS) for 30 min at 
68°C with a g i t a t i o n .
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After washing, the filter was air-dried on 3MM paper, 
and then autoradiographed. The filter was covered with 
Saran wrap and X-ray film XR-5 was placed on top of the 
filter and placed in a cassette. The cassette was kept at 
-70°C for from 1 to 24 days or 1 copy signal was evident. 
The film was developed according to Kodak protocol.
The intensities of the bands were estimated by 
densitometry (Biorad Video Densitometer Model 620). In 
most cases, values from one, three and ten copy number 
reconstitution control lanes were used to estimate the copy 
numbers in the signals of transgenic plants. Values 
indicating less than one copy were scored as one copy. In 
some blots where a 1 inear plot was not obtained, the 
densities were estimated visually by comparison to an 
available control.
RESULTS
(1) Vector construction and Plant transformation
The pl a s m i d s  pTRA411, 413, 4 19 and 420 were
constructed by insertion of the BT (Bacillus thurinaiensis) 
insecticidal toxin gene (38), TMV-coat gene (39) and a gene 
for common bean seed storage protein phaseolin (40), into 
the binary vector, pTRA403 or 409 (unpublished). The 
pTRA403/409 plasmid carries T-DNA border sequences and the 
NPTII gene as a selectable marker. All these plasmids 
contain at least one EcoRI site within the T-DNA sequences.
These pTRA plasmids in £. col i strain K802 were 
transferred to the Aqrobacterium tumefaciens strain LBA4404 
by triparental mating with an E .coli strain containing the 
pRK2013 helper plasmid. Aqrobacterium strain LBA4404
contains a PAL4404 plasmid, which is a T-DNA deletion 
d e r i v a t i v e  of pTiAchS, and lacks T-DNA (24). The
constructed Aqrobacterium strain, which contains both the 
T-DNA and vir genes from octopine-type plasmids, was used 
to infect leaf discs from Nicotiana tabacum var. Xanthi or 
Havana. Transformed plants were selected for kanamycin 
resistance and then were regenerated into mature plants.
(2) T-DNA integration analysis of transformed plants
The presence of intact T-DNA integrated in the tobacco 
genome should yield predictable restriction enzyme patterns 
and detection by Southern hybridization of DNA fragments, 
based on T-DNA structure in the pTRA vector. DNA from the 
transgenic plants was digested with EcoRI and the digested 
DNA was hybridized with a probe containing either the NPTII 
sequence or a sequence of the gene co-transferred with the 
NPTII gene. Intact structure of T-DNA was primarily 
in dicated by the d e t e c t i o n  of predictable internal 
restriction fragments. Two EcoRI sites within the T-DNA 
borders should generate a fragment of predictable size. 
DNA fragments of T-DNA which border the insertion site are 
produced by an EcoRI site within the T-DNA and an EcoRI 
site within the neighboring plant DNA sequence. Therefore, 
the sizes of border fragments should be variable, depending 
on the location of the EcoRI site in the flanking plant 
sequence. The border fragments therefore should be larger 
than the fragments spanning the internal EcoRI site and the 
end of border sequence. Incomplete or rearranged copies of 
T-DNA may generate internal and border fragments of 
unpredicted sizes. When T-DNAs are inserted into different 
l o c a t i o n s  in the genome, different sizes of border 
fragments, representing the number of T-DNA sites in the 
chromosome, should be found. If multiple copies of T-DNA 
are integrated into a single location, a single strong 
hybridization signal from the repeated structure (direct or 
inverted) should be found. This tandem structure is also
c h a r a c t e r i z e d  by the presence of comparatively weak 
hybridization signals from the edges of the structure. 
Thus, the copy number of integrated T-DNA per tobacco 
tetraploid genome was estimated on the basis of either the 
number of border fragments or the intensites of the signal 
where applicable*
Eight plants out of 60 transformants had single-copy 
insertions of T-DNA (Figure 3) . Upon digestion of plant 
DNA with EcoRI, hybridization with an internal fragment 
(1.54kb) of the TMV coat gene coding sequence was expected 
when probed with the EcoRI/Bstll fragment (l.Okb) of the 
coding sequence of the TMV coat protein (Fig. 3). Three 
independently-transformed plants, X419I (lane 5), X419A
(lane 6) and X419B (lane 7) had the expected internal
fragments whose intensities were estimated as single copy 
when compared to copy number control lanes (lanes 1-4). Of 
the remaining 52 transformants, no signals were found in 
four plants, and signals whose densities were between one 
a n d  t w o  c o p i e s ,  a c c o r d i n g  to t h e  d e n s  i t omet r ic 
calculations, were found in six plants.
In at least 47 plants, there were indications of 
insertions of multiple copies of T-DNA per genome. 
Depending on the T-DNA constructs and the probe used, 
samples containing more than two T-DNA copies per genome
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Figure 3. Southern blot of transgenic tobacco DNA 
containing one copy T-DNA. Genomic DNA was digested with 
EcoRI and probed by 1.0 Kb TMV coat coding sequence, lanes 
1-3, copy number reconstitution controls, 1, 3, and 10
copies; lane 4, untransformed tobacco DNA; lanes 5-8, 
transformed tobacco DNAs from H av.419-1, Hav.419-A,
Hav.419B and Hav.419A-VI, respectively.
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had either multiple border fragment signals or intense 
signals representing multiple copies, or both. In 15
plants in which the probe was used to generate both 
internal and border fragment signals, five samples had more 
than two border fragments of single-copy signal and 
internal fragments of more than one copy signal (examples 
in Fig. 4), indicating that several T-DNA copies were 
integrated in several locations on the chromosome.
DNA from plants carrying the BT toxin gene as a 
cotransferring gene were digested with EcoRI and hybridized 
to the coding sequence of the BT gene (Fig. 4). In five 
samples (lanes 1-5), each possesses three internal EcoRI 
fragments (0.6Kb, o.75Kb and 2.5Kb) and several border 
fragments of sizes greater than 4.9Kb, which is the minimum 
size expected for the border fragments. Out of 59 plants 
in which probe was used to generate only border fragments, 
3 6 plants were shown to contain more than two border 
fragments whose sizes were greater than minimum expected 
size for the intact T-DNA structure (for example, see lane 
1 in Fig. 5). Several previous studies reported that more 
t h a n  t w o  T - D N A  i n s e r t s  are dispersed at different 
chromosomal loci (29,30).
In 59 plants whose hybridization signals generated 
only border fragments, not internal fragments, at least 28
2 8
Fig. 4. Southern blot of transgenic tobacco DNA containing 
T-DNAs at multiple chromosomal loci. Genomic DNA was 
digested with EcoRI and probed by 6.0 Kb BT coding 
sequence. lanes 1-7, DNAs from transgenic tobacco plants, 
K4 2 0— # 5, X413-I, X413-II, X413-III, X413-#4, X413-#5 and
X413-#6, respectively; lane 8, untransformed tobacco DNA; 
lane 9, 5 copy reconstitution control; lane 10, 1 copy
reconstitution control.
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plants contained intense signals estimated at more than two 
copies of T-DNA per genome, when the signals were compared 
to those in copy number controls. These intense signals 
are most likely from repeated T-DNA structures, since 
dispersed T-DNA inserts would not generate high copy number 
signals. our limited analysis of the high copy number 
signals and technical variabilities did not allow us to 
deduce the nature of the T-DNA repeated structure, such as 
inverted vs direct repeats or extent of tandemization. 
However, genetic analysis of the six plants with single 
i n t e n s e  s i g n a l s  s h o w e d  c l o s e  t o  3:1 ( k a n a m y c i n  
r e s i s t a n t : sensitive) segregation ratios in selfed FI 
seedlings, suggesting that the T-DNA structures are indeed 
at a single chromosomal locus or linked loci.
In Figure 5, an example of the high copy signal is 
shown. DNA carrying the TMV-coat and NPTII T-DNA construct 
were digested with EcoRI and probed with the EcoRI/SacI 
NPTII coding sequence, if the structure of the integrated 
T-DNA is intact, these plants should yield border fragment 
signals of sizes over 3Kb. Six (lane 1) and two (lane 2) 
border fragments of single-copy signals were observed, 
indicating the T-DNAs were integrated into multiple loci on 
the chromosome. A very intense signal (estimated about 30 
copies) was seen in the plant in lane 3 (X-419-4),
suggesting that high copy numbers of T-DNA were located in 
tandem in a single chromosome locus or were in tightly-
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Fig. 5. Southern blot of transgenic tobacco DNA containing 
high copy number of T-DNA. Genomic DNA was digested with 
EcoRI and was probed by 1.6 Kb NPTII coding sequence, 
lanes 1-3, DNAs from transformed plants, X-419-1, X-419-2 
and X-4 19-4, respectively; lane 4, untransformed tobacco 
plant; lanes 5-8, 1, 3, 10 and 30 copy number
reconstitution controls.
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linked loci. The tandem arrangement of T-DNA in X-419-4 
was consistent with the observed FI segregation ratio of 
118:55, which is not significantly different from 3:1, 
given a 95 % confidence interval in the Chi square test.
In a repeated experiment using the DNA from separately 
collected leaves from plant X-419-4, essentially the same 
hybridization signals were observed (data not s h o w n ) . The 
estimated copy numbers from the 51 plants with the intense 
signal varied from 2 to approximately 30 (Appendix 3).
In summary, Southern hybridization analysis of 60 
transgenic plants showed that one to several copies of T- 
DNA were present (Appendix 3) . More than two copies of T- 
DNA were inserted into several loci in at least 4 3 out of 
60 plants examined. Out of 60 plants, 8 plants contained 
one copy of T-DNA per genome.
(3) Genetic analysis of transformed plants
To determine the number of chromosomal loci in which 
T-DNA was integrated, 70 transgenic plants were selfed and 
FI seeds were harvested (Appendix 4). Since the kanamycin 
resistant trait in the plant nuclear genome is known to be 
transmit stably into progeny in a Mendelian fashion, the 
ratio of resistant to sensitive seedlings is expected to be 
approximately 3:1, if the NPTII gene were present in a 
single locus or in tightly-linked loci (26) . If two or
t h r e e  loci are involved, ratios of 15:1 and 63:1, 
respectively, are expected. If certain loci do not 
actively express the NPTII gene, the ratio may be lower 
than expected.
To estimate the frequency of a functional kanamycin 
resistance gene, segregation ratios of kanamycin resistance 
in progeny of 68 selfed transgenic plants were tabulated 
(Fig. 6). The ratios between 2.3 and 3.7:1 were assumed to 
be 3:1, and between 11.2 and 18.9:1 was assumed to be 15:1, 
according to the 95 % confidence level in Chi square test. 
This result indicates that 23 plants have one functional 
locus, 6 have two and 16 have more than two loci. The 
ratios of 10 plants were less than 3:1 and in 13 plants the 
ratio was between 3:1 and 15:1. It is possible that the 
level of NPTII expression is variable among different loci. 
Neither the linkage between the loci nor the expression of 
the NPTII gene were studied. However, the physical and 
genetic analysis suggested that the number of chromosomal 
loci is variable and frequently does not correlate to the 
n u m b e r  of p h y s i c a l  l o c i  d e t e r m i n e d  by S o u t h e r n  
hybridization. In 13 out of 33 plants which were analyzed 
by both Southern hybridization and kanamycin inheritance, 
the numbers determined by Southern hybridization were 
greater than that determined by the inheritance analysis. 
These observations suggest that the number of physical loci 
is loosely associated with that of the Mendel ian l o c i .
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Observed Segregation Ratios of Karnamycin Resistance in 
Selfed Seedlings of 65 Independent Transformants
However, the other 2 0 samples out of the 3 3 plants show 
agreement between the two nu m b e r s . Taken t o g e t h e r , it 
appears that about 4 0 % of transformants have either
inactive NPTII loci or closely linked chromosomal loci.
In Figure 7 is shown an example in which there is 
general agreement between the numbers of physical loci and 
genetic loci in five out of six randomly-selected plants 
(Fig. 7B) . When the 1.0Kb NPTII coding sequence was used 
to probe plant DNA digested with EcoRI, hybridizing border 
fragments of over 3. 0Kb in size are expected if the T-DNA 
structure is intact (Fig, 7C) . In plants lanes 1 and 2, 
there were two border fragments and in plants in lanes 3 
and 4, there were four border fragments, indicating that T- 
DNA was integrated into a single locus in the chromosome 
(Fig. 7A) . In lanes 3/4 and 5/7, two and four border 
fragments, respectively, are present, indicating that in 
these plants (except lane 4) the number of chromosomal loci 
d e t e r m i n e d  by g e n e t i c  a n a l y s i s  (Fig. 7B) generally 
corresponds to the number of T-DNA copies identified by 
Southern hybridization.
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Fig.7. Copy number estimates based on genetic and 
physical analysis of T-DNA. A. Southern blot of 
transgenic plants. B. Genetic analysis of the seeds from 
selfed-plants. C. Physical organization of T-DNA of 
pTRA420. Genomic DNA was digested with EcoRI and probed 
by 1.0 Kb NPTII coding sequence. lanes a-c, 1, 5 and 30 
copy number reconstitution controls; lane d, untransformed 
tobacco DNA; lanes 1-7, transformed tobacco DNAs, X420-A, 
X420-4 , X4 2 0-4 * , X420-5, Hav.420-2, H a v .420-4 and Hav.420-
8, respectively.
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DISCUSSION
This study reports the physical and genetic analysis 
of 60 transgenic tobacco plants. The use of a large number 
of plants enabled us to observe several different T-DNA 
integrations into the tobacco genome. Furthermore, a 
variable number of the T-DNA copies were integrated into 
the chromosome. When multiple copies of T-DNA were
present, they were located either at a single site or at 
multiple sites within the chromosome. Using the Southern 
hybridization and genetic analyses, the frequencies of each 
different type of T-DNA integration, the copy numbers of T- 
DNA per genome and the number of chromosomal loci in which 
the NPTII genes were actively expressed were determined.
In most of the plants analyzed, two different probes 
were used for Southern hybridization. Each probe was 
selected to generate distinct hybridization fragments. In 
most cases, the estimated copy number of the T-DNA was 
different according to the probe used. The copy numbers 
were consistantly greater when NPTII coding sequence was 
used as a probe. The immediate cause for this difference 
is not understood. Since there were several plants in 
which the copy numbers were same by the two different 
probes, it is not likely that the NPTII probe we used 
c o n t a i n e d  u n u s u a l l y  h igh s p e c i f i c  r a d i o  act i v i t y .  
Consequently, exact estimation of the copy number was
3'J
difficult. Accordingly, the intact border fragment was 
frequently used for the estimation of the T-DNA copy, since 
m o s t  p l a n t s  generated the border fragments* Where
applicable, the intensity of the hybridized fragment was 
also used for the estimation of the copy number.
In 8 out of 60 transformed plants, only single-copy 
signal was detected, indicating that a single copy of T-DNA 
was integrated at a single locus in the plant genome. 
Seeds from 5 of these self—p o l 1inated plants were grown on 
kanamycin. Of these 3 independently transformed samples, 
segregation ratios of close to 3:1 were observed for seven 
plants, while for two other plants the ratios were higher 
than 3:1. This observation suggests that about 15 % (8 of
60 plants) of the transgenic plants contained one copy of 
T —DNA and most of them are stably inherited into progeny.
This study shows that approximately 60 % ( 3 6  out of
59) of transformants examined have several integration 
sites for multiple copies of T-DNA, and this is consistent 
with the findings of others (41). Deroles and Gardner (41) 
reported that multiple infection of a single plant cell by 
several Agrobacterium celIs was responsible for multiple T- 
DNA integrations at several chromosomal loci. Proson and 
Simpson (30) also showed that about one quarter of the 
tobacco plants they analyzed contained T-DNA from two or
more different bacteria. Based on these results, it 
appears that T-DNA insertion at several different loci is 
caused by simultaneous infection of the plant cell by 
several Acrrobacterium cells. It is also speculated that 
copy number of the intermediate vector in a binary system 
may control the number of integration sites. However, no 
systematic studies to test this possibility have been 
carried out.
The presence of multiple loci of foreign DNA in a 
plant opens new experimental approaches. By having more 
functional copies of the inserted gene in the plant, a 
larger phenotypic effect may be produced in the transformed 
plant. A large number of loci per transgenic plants may 
also facilitate the use of the T-DNA as an insertion 
mutagen for gene isolation in dicot plants (42) , much as 
the maize control1ing element Activator has been used in a 
monocot plants.
Integration of T-DNA in tandem arrays was frequently 
observed at one or more locations in the genome. It 
appears that approximately 60 % of the transformed plants 
(35 plants out of 59) contain the tandem structure. It 
has b e e n  suggested that this arrangement occurs by 
recombination (homologous or non-homologous) between T-DNA 
copies before their integration into host chromosome (43). 
F o r  A o r o b a c t e r i u m -med iated t r a n s f o r m a t i o n ,  the DNA
recombination might occur during the transfer of T-DNA into 
the nucleus in plant. In animal cells, the frequency of 
the recombination is considerably higher during transport 
through the cytoplasm (44). The transforming DNA molecules
are often joined in tandem, and the T-DNA fragments,
irrespective of whether they are structually altered, are 
frequently linked head-to-tail (45).
Alternatively, it has been suggested that the tandem 
arrangement occurred through a replicative amplification 
mechanism after T-DNA integration (46). The donor DNA may 
be integrated into a certain region in the host chromosome, 
and the " p r e c u r s o r "  m o l e c u l e  then multiplied in a 
directional fashion, generating larger arrays of DNA 
containing regularly repeated elements. Animal cell
c u l t u r e  e x p e r i m e n t s  show that exogenously introduced 
selectable genes may be amplified by treatment with
increasing amounts of selecting agents (46). Factors that 
can influence a cell's ability to amplify the exogenously 
introduced sequence include the specific integration sites, 
such as the autonomously replicating sequence (ARS) of 
yeast or certain telomeric regions in the chromosome (47) . 
Since we obtained only four plants with extensively 
multimerized NPTII copies (estimated at about 3 0-40 copies 
per genome) , integration of T-DNA into such sites and 
amplification of the inserted DNA appear to occur in only a 
small proportion of transformants, if at all.
A3
Thirteen of 33 plants analyzed appear to have at 
least one copy of unexpressed or weakly-expressed T-DNA 
(Fig. 6). This result was puzzling, since all the 
transgenic plants were initially selected for kanamycin 
resistance. It is unlikely that structural changes
disrupted the expression, since there were no indications 
of deletion or rearrangement of the sequences within the T- 
D N A , according to our Southern hybridization analyses. Our 
findings generally agree with studies on petunia in which 
one-third of transformants did not express the NPTII gene 
(41). It is likely that there are differences in NPTII 
gene expression among individual plants. The regulation of 
expression of foreign genes in a host cell can be affected 
by factors such as activating or repressing protein 
factors, supercoiling, extent of methylation, chromosomal 
status, etc. These factors will determine whether or not 
the donor DNA will be expressed at a certain level (48) . 
In our thirteen plants containing an inactive NPTII site, 
the expression level of NPTII in the seedlings might be 
insuf f i c i e n t  to confer resistance to the 300 ug/ml 
kanamycin used.
This study, using a large number of transgenic 
tobacco plants, demonstrates that copy number and modes of 
T-DNA integration into the tobacco chromosome are variable.
A variable number of T-DNA copies is integrated into one
or more locations in the chromosome. According to the 
genetic analysis, certain T-DNA copies are not actively 
expressing the NPTII genes in the T-DNA. Our results
indicate that T-DNA can be integrated into the plant 
chromosomes by several different integration mechanisms.
For efficient use of this Aorobacterium-mediated gene 
transfer system, it is desirable that large number of T-DNA 
copies integrated are stable and are transmitted to progeny 
in a Mendelian fashion. This study demonstrates that 
multiple T-DNA copies are frequently integrated into the 
genome. Future research should be directed to achieve the 
multiple integrations of T-DNA and active expression of the 
T-DNA genes.
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CHAPTER II
VACUOLE TRANSPORT SIGNAL IN PHASEOLUS VULGARIS PHASEOLIN
ABSTRACT
We w ere i n terested in identifying the vacuole 
t r a n s p o r t  signal within the polypeptide sequence of 
phaseolin, a seedstorage protein from the common bean, 
Phaseolus v u l g a r i s . In order to facilitate assaying for 
protein transport into the vacuole, varying parts of the 
phaseolin coding sequence was translationally fused to the 
beta-glucuronidase (GUS) reporter gene and the fusion genes 
were expressed under the control of phaseolin 5'-upstream 
sequence. To construct phaseolin/GUS fusion genes, six 
BamHI sites and one Bglll site were introduced into seven 
locations of the phaseolin coding sequence using site- 
directed mutagenesis. This produced seven phaseolin/GUS 
fusion genes in which the N-terminal o, 1, 30, 35, 50, 104
and 416 amino acids of the phaseolin beta-polypeptide were 
fused to the GUS gene. The fusion genes were transferred 
to Nicotiana tabacum L. c v . Xanthi using an Agrobacterium 
t u m e f a c i e n s  Ti plasmid-derived vector. The vacuole
transport efficiency of these fusion proteins will be 
assessed using GUS activity and immunodetection in seeds 
of transgenic tobacco plants.
INTRODUCTION
Phaseolin is the major seed storage protein of common 
bean (Phaseolus vulgaris L.)* Phaseolin accumulates very 
rapidly in the developing cotyledons two to four weeks 
following post-pollination (1,2). Phaseolin mRNA accounts 
for over 50 % of total mRNA at the peak of protein
synthesis (3). In mature seeds, phaseolin represents about 
50 % of the total protein (4). Expression of phaseolin is 
u n d e r  s t r i c t  t i s s u e  and temporal regulation, being 
expressed only in developing cotyledons, not in any other 
bean tissue (3).
Phaseolin exists as a tetrameric polypeptide in 
mature seeds. Phaseolin is resolved into three size
classes of polypeptides by SDS-PAGE; 51-53 (alpha), 47-48 
(beta) and 43-46 (gamma) kilodaltons (5). Peptide mapping 
of these phaseolin polypeptides shows that they are highly 
homologous. Phaseolin is encoded by a multigene family, 
consisting of six to eight genes per haploid genome (6-8) . 
The complete sequences of genes for alpha and beta- 
p h a s e o l i n  p o l y p e p t i d e s  h ave been determined (9,10). 
Sequence analysis indicates that the gene comprises a 5'- 
upstream sequence, containing "CCAAT" and "TATA" boxes, 
12 6 3 bp of phaseolin coding sequence, and a polyA 
containing 3'-untranslated sequence. The coding sequence 
consists of six exons, interrupted by five introns. The
coding sequence of beta-phaseolin codes for 421 amino acids 
including the initiation methionine residue. The beta- 
polypeptide contains two N-glycosylation recognition sites
(11.12) and an amino-terminal hydrophobic signal peptide 
sequence (10).
T h e  n a s c e n t  p haseolin polypeptide is processed 
posttranslationally to a mature protein and is deposited in 
vacuolar protein bodies. Phaseolin is synthesized on 
polysomes on the rough endoplasmic reticulum (ER) (11). 
The polypeptide enters the lumen of the ER where the 
polypeptide is cotranstionally glycosylated, and then 
enters the Golgi apparatus before deposition in membrane- 
bound vacuolar protein bodies (1-5 urn in diameter) (13,14). 
Phaseolin polypeptides are further modified in the Golgi 
apparatus or in the protein body. Phaseolin contains 
either high-mannose or complex oligosaccharide side chains
(11.12). These glycosylation chains appear not to be 
essential for the proper transport into protein bodies, but 
may function in increasing the transport efficiency or 
stabilizing the mature protein in the vacuole.
The beta-phaseolin gene was expressed efficiently 
u n d e r  its n a t i v e  r e g u l a t o r y  elements in transgenic 
sunflower and tobacco (15,16). In addition, phaseolin 
polypeptides were processed correctly and were targeted to 
protein bodies in tobacco embryos. This suggests that
common bean and tobacco have a conserved glycosylation and 
protein sorting mechanisms (15). It has been shown that 
the signal peptide of phaseolin is used to recognize the ER 
membrane and is processed during the translocation across 
the ER-membrane in both tobacco and bean (15).
Yeast protein transport studies indicated that the 
vacuole targeting signal resides in the polypeptide domain 
of the been seed storage protein phytohemagglutinin. The 
N-terminal 53 amino acids of phytohemagglutinin were 
sufficient for transport of the cytoplasmic invertase 
reporter protein into the yeast vacuole (17) . Accurate 
processing of the signal peptide in the ER, and the 
v a c u o l e - s p e c i f i c  deposition of phytohemagglutinin was 
observed (17). This evidence suggests, but does not prove, 
that the N-terminal 53 amino acids of phytohemagglutinin 
will function in higher plants as a vacuole transport 
s i g n a l .
We are i n t e r e s t e d  in ident i f y i n g  the vacuole 
transport signal in phaseolin. Our approach for testing 
the putative transport signal is to use a fusion protein in 
which a reporter protein is targeted into the vacuole under 
control of the putative signal. The reporter protein used 
is the bacterial cytosolic protein, beta-glucuronidase 
(GUS) (18,19). The detection and quantitative assay of GUS 
are extremely easy and enzyme activity is tolerant to the
addition of up to 50 amino acids to the N-terminus. The 
GUS reporter has been used successfully to study the 
protein targeting signal to mitochondria and chloroplasts 
(20,21). Toward this goal, seven phaseolin/GUS fusion 
genes were constructed and expressed in transgenic tobacco 
plants to identify the vacuolar transport signal of 
phaseolin.
MATERIALS AND METHODS
1. Materials
Genotypes of E .coli strains MV1190, CJ236 and NM522
are described in Appendix 1. For general plasmid
propagation and transformation, E. coli strains K802, C600 
and DH5 were used.
Restriction enzymes, Bglll, Clal and Xbal, were 
p u r c h a s e d  from Bethesda Research Laboratories (BRL), 
HincII and Hindlll were purchased from Toyobo, Hinfl was 
purchased from Biolabs. BamHI was purchased from either 
Bethesda Research Laboratories (BRL) or Toyobo, and Kpnl 
and PstI were purchased from either Biolabs or Toyobo. The 
Sequenase kit, Sequenase, and T4 polynucleotide kinase were 
purchased from United States Biochemicals. Alkaline
p h o s p h a t a s e  was p u r c h a s e d  from B o e h r i n g e r  Mannheim 
Biochemicals (Indianapolis, IN). T4 ligase was purchased 
from BRL. T4 polymerase was purchased from Biolabs. 
A c r y l a m i d e ,  N ,N '- m e t h y 1e n e b i s a e r y 1a m i d e , N,N,N ' , N ' , -
tetramethylethylenediamine (TEMED) and ammonium persulfate 
were purchased from Biorad. Urea was purchased from BRL. 
Deoxynucleotides were purchased from Sigma. The pUC4KSAC 
plasmid, containing a bacteria expressible NPTII cassette, 
was purchased from Pharmacia. The p B H O l  plasmid carrying
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the GUS gene and the GUS sequencing primer were purchased 
from Clonetech {Palo Alto, CA) . The pBluescript plasmid 
and the R408 helper phage were purchased from Stratagene 
(La Jolla,CA). A site-directed mutagenesis kit was
purchased from Biorad. A Bglll linker and M13 primers 
(universal and reverse) were purchased from New England 
Biolabs. Bacteriophages M13mpl8 and M13mpl9 DNA were 
purchased from BRL. IPTG and PEG were purchased from 
Sigma. X-gal was purchased from USB. Yeast extract and 
tryptone were purchased from Difco Laboratories (Detroit, 
MI). Low-melting agarose was purchased from Biorad. 
Cesium chloride (CsCl) was purchased from Cabot (Boyertown, 
PA) .
2. General Methods.
Restriction enzyme digestion, DNA ligation, extension, 
gel electrophoresis or other standard recombinant DNA 
techniques were performed generally according to methods 
described in "Molecular Cloning: A Laboratory Manual" (22). 
Preparation of competent cells, DNA transformation, DNA 
sequencing, DNA mini-preparation and large-scale plasmid 
isolation are described in Appendices 5-9.
3. Synthetic oligonucleotides
The oligonucleotides PSP1 and PSP2 were synthesized
with an Applied Biosystems Model 380A DNA synthesizer in 
the LSU Biochemistry Department. After completion of the 
s y n t h e t i c  cycles, the o l i g o n u c l e o t i d e  s o l u t i o n  was 
incubated with one ml of concentrated NH4OH for from four 
to 12 hr at 50°C to remove the blocking groups. An 
O l i g o n u c l e o t i d e  P u r i f i c a t i o n  C a r t r i d g e  (OPC) column 
(A pplied Biosystem) was u s e d  to p u r i f y  the crude 
oligonucleotides. Crude oligonucleotides, dissolved in
two to three ml of concentrated ammonium hydroxide, were 
allowed to bind to the cartridge resin. The column flow­
t h r o u g h s  w ere loaded once more. Since incomplete
oligonucleotides would not have the protecting trityl group 
at the end, only full-length oligonucleotides will be bound 
to the column. The trityl groups of the bound nucleotides 
were removed with ten ml of 2 % (v/v) trifluoroacetic acid. 
The detritylated nucleotides were eluted with 20 % (v/v)
acetonitrile solution. The eluates were concentrated to 
dryness in a vacumn concentrator and the pellet was 
resuspended in one ml of absolute ethanol and dried again. 
To further purify the nucleotides of the expected chain 
length, about 10 ug of the OPC-purified oligonucleotides 
were applied to a 12 % (v/v) polyacrylamide gel and
electrophoresed for one hour at 300 V. A major band 
corresponding to the full length oligonucleotides was 
v i s u a l i s e d  by placing the gel on a TLC plate and 
illuminating under the short-wave length UV l i g h t . Shorter 
oligonucleotide bands were not detectable. The gel slice
containing the major band was cut with a razor blade and 
the slice was ground to fine pieces with a spatula in 500 
ul of TE buffer. The gel suspension was shaken for two hr 
at 37°C and the gel pieces were removed by two phenol 
extractions. The nucleotides were recovered after ethanol 
precipitation at -70°C for 24 hr. To facilitate the 
precipitation, MgCl was added to 10 mM final concentration 
in the ethanol precipitation mixture.
The oligonucleotides PSPO, 1A, 2A, 3, 4 and 5 were
synthesized by Genetic Design (Houston, Texas). The dried 
detritylated oligonucleotides were dissolved in one ml of 
H 20 and were used for subsequent experiments.
4. Site-directed Mutagenesis
Site-directed mutagenesis was performed by the method 
of Kunkel (23,24) as modified in Biorad's mutagene manual. 
The Stratagene instructional manual was followed for the 
use of pBluescript plasmid.
Six locations within the phaseolin coding sequences 
were selected for in vitro mutagenesis in this exper i m e n t . 
One to four b a s e s  w ere a l t e r e d  w i t h i n  s y n t h e t i c  
oligonucleotides from 20 to 27 bases long, for the purpose 
of introducing restriction site (BamHI or Bglll) at the 
target sites. All the synthetic nucleotides included
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seven to ten complementary bp's at both sides of the 
altered sequences. The DNA sequences of the mutated 
oligonucleotides and the corresponding wild type regions 
are shown in Figure 1.
A. U r a c i 1-containing single strand template of M13mpl8 or 
mpl9
The basic strategy of the site-directed mutagenesis 
is described in Figure 2. A DNA fragment containing a 
target site was cloned into M13mpl8 or 19. The fragment 
size was limited to less than 1 Kb, since the mutagenesis 
efficiency was substantially lowered in our hands when 
longer than 1 Kb DNA fragments were used. In case ot 
M13mpl8 or M13mpl9, ligation mixtures were transformed into 
E. col i strain MV1190. The replicative form (RF) DNA 
containing the target fragment produced white plaques in 
the presence of X-gal (40 ul of 2 % (v/v)) solution per
plate and IPTG (100 ul of 100 mM solution per plate) on a 
LB plate. White plaques were picked and suspended in one 
ml of TE buffer (pH 8.0). The suspension was incubated at 
65°C for 60 min to kill E. coli and was vortexed vigorously 
to release phage particles from the agar. Then the tube 
was centrifuged for 10 min at 15 Kxg to pellet the cell 
debris. In order to produce U-containing single-stranded 
DNA (U-ss), 50 ul of the M13 phage containing supernatant 
was added to five ml of a midlog CJ236 grown in 50 ml of
WT
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Fig. 1. Sequence of synthetic nucleotides used for site-directed mutagenesis
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Fig. 2. S teps involved In In vitro m u tagenesis  using the 
bac teriophage  mp18(1a) or pB luescript.
LB broth. This resulted in an infection multiplicity of 
less than one per cell, so that essentially all of the 
input phage would pass through CJ2 36. The infection was 
carried out by shaking the 50 ml culture at 37°C for from 
six to eight hr. At the end of this incubation, the
culture was centrifuged (10 Kxg, 10 min) and the U-ss DNA
containing supernatant was saved. The recovered phage was 
then titered on both CJ236 and MV1190 to determine the
extent of uracil residue incorporation into the ss DNA. 
Phage particles carrying U-ss DNA had 10,000-fold lower 
titer in MV1190 than in CJ236. Four serial 10-fold 
dilutions of the supernatant were used to infect 0.2 ml of 
CJ236 or MV1190 grown overnight on LB for 12 hr. The 
remaining supernatant was extracted to obtain U-ss DNA. 
One-fourth volume of 20% (v/v) PEG containing 1.5 M NaCl
was added to the supernatant, and the solution was 
incubated on ice for 30 min. The phage pellet was
r e c o v e r e d  by c e n t r i f u g a t i o n  (15 kxg, 30 min) and 
resuspended in 400 ul of TE buffer. An equal volume of 
phenol was added and the resuspended pellet was vortexed 
vigorously for one min before centrifugation. The phenol 
extraction was repeated twice to completely remove phage 
p r o t e i n s .  The U-ss DNA was recovered by ethanol
precipitation for two hr at -80®C.
B. U-containing single strand template of Bluescript vector
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When the size of the target DNA fragment was larger 
than one Kb, a phagemid was used to produce U-ss DNA as 
suggested by Biorad. The target fragment was cloned into a 
phagemid pBKS+, using £ col i strain XLl-Blue. The 
recombinant plasmid was screened for by color selection on 
IPTG and X-gal and was confirmed by a restriction digestion 
of plasmid minipreparation. The selected phagemid DNA was 
then transformed into CJ2 36 and positive transformants were 
selected for ampicillin resistance (50 u g / m l ). To obtain 
U-ss DNA template, a single CJ236 transformant was grown to 
0.3 absorption units at 600 nm in 50 ml of LB and the cells 
were infected by helper phage, either VCS-M13 or R408. The 
infection multiplicities were adjusted to approximately 20 
and infection continued for six hr at 37°C. After
infection, the cells were pelleted by centrifugation (10
Kxg, 20 min) , resuspended in one ml TE and centrifuged
again. Supernatant containing phages was saved for the 
titration and extraction of U-ssDNA.
C. Second strand synthesis
The mutagenizing second strand was synthesized in 
v i t r o . using U-ss DNA templates generated either by M13mpl8 
or pBKS + . The synthetic oligonucleotide was phosphorylated 
by T 4 p o l y n u c l e o t i d e  k i n a s e  as d e s c r i b e d  in the 
manufacturer's instructions. Five to ten pmoles of the
phosphorylated oligonucleotide were annealed to 0.3 pmoles
of U-ss DNA in 10 ul of sample buffer (20 mM Tris-HCl. 
pH7.4, 2 mM MgCl, 50 mM NaCl) . The annealing mixture was
heated to 70°C and allowed to cool to 3 0°C over a one hr 
period. The synthesis of second strand was initiated by 
adding to the annealing mixture in following order: one ul 
of lOx synthesis buffer, one ul of T4 DNA ligase (3 units), 
and one ul of T4 DNA polymerase or Sequenase (2-5 units) . 
The final reaction conditions were 23 mM Tris-HCl, p H 7 .4, 5
mM M g C l , 35 mM NaCl, 1.5 mM D T T , 0.4 mM each d N T P s , and
0.75 mM ATP. The reaction mixture was incubated on ice for 
five min, at 22°C for five min, and finally at 37°C for 90 
min. The reaction was terminated by the addition of 90 ul 
of stop buffer (10 mM Tris-HCl. p H 7 .4, 15 mM E D T A ) .
To assess the extent of the second strand synthesis, 
10 ul of the re a c t i o n  m ixture w ere a n a l y z e d  by 
electrophoresis on a 1 % agarose gel containing 0.5 ug/ml
EtBr. Successful synthesis was verified by the appearance 
of supercoiled DNA and the disappearance of U-ss DNA 
(Figure 3). No band corresponding to supercoiled DNA was 
expected in the control reaction in which the same 
processes were carried out without adding the primer. Once 
the reaction was complete, 5 ul of the mixture was used to 
transform MV1190 or XLl-Blue. Transformants were analyzed 
by a restriction digest of minipreparation of plasmid DNA 
for the introduction of the expected restriction site. In 
experiments using phage M13, 50-70 % of the transformants
Fig..3. Synthesis of a second strand by T4 polymerase using 
U-ss DNA. 20 ng of DNA was ect rophoresed on 0.7 i agarose 
gel at 100 V for two hr. The synthesis was carried out in 
the presence or absence of the synthetic oligonucleotide 
pr i me r {PS P3 or PSP4) and U-ss DNA tempiate conta ini ng the 
region to be mutated. lane 1, mpl8 ssDNA; lane 2, mpl8-0.4
Kb EcoRl/Pstl fragment without primer; lane 3, mpl8-0.4 Kb
with PSP3; lane 4, mpl8-0.4 Kb without primer; lane 5, mpl8-
0.4 Kb with PSP4.
conta ined the introduced restrict ion s i t e . The success of 
the mutagenesis experiments was confirmed by DNA sequencing 
of the mutagenized target sequence.
5. Construction of plant transformation vector
A. Intermediate vector pTRA431
The pTRA431 vector was constructed as illustrated in 
Figure 4. The synthetic oligonucleotides PSP1 (37mer), 
corresponding to the N-terminal amino acids 12 to 24, and 
PSP2 (36mer), corresponding to the antisense strand of 
amino acids 21 to 30, were synthesized to generate part of 
N-terminal peptide, amino acids 12 to 30 (Fig. 5). The two 
oligonucleotides were designed to generate EcoRI and BamHI 
r e s t r i c t i o n  sites at 5' and 3' ends, respectively. 
Therefore, when the Hindlll/EcoRI phaseolin 5' upstream 
fragment containing a promoter sequence and the N-terminal 
12 amino acids of the signal peptide is placed in front of 
PSP1/PSP2 sequence through EcoRI site, the whole phaseolin 
s ignal p e p t i d e  (N-terminal 24 amino acids) will be 
reproduced (Fig. 5). The 3'end of the reconstructed 
peptide was fused in frame to the GUS coding sequence via 
the BamHI site. It should be noted that this construction 
resulted in addition of eight amino acids between the 
phaseolin and GUS polypeptide (Fig. 4).
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Figure 4, C onstruc tion  of an Intermediate binary vecto r  pTRA431 
for A grobac terlum -m ed la tod  transfo rm a tio n  of to b a c c o  
(A bbreviations ; Ec:EcoR1, Ba:BamH1, Bg:Bglll, Hd:Hlndlll)
PSP1
5‘ 3*
GAATTCTTTTCCTGGC ATC ACTTTCTGCCTCATTTGCC
\ J /
GAGTAMCGGTGAAGTGAGGCCCTGGTCCTAGG
3*   5’
PSP2
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5 ' Glyl2 Zl<13 L»u14Ph«15 Arg28Glu2flGlu30 g ,
GA ATT CTT TTC CTGGCATCACTTTCTQCCTCATTTGCC ACTTCACTC CGG GAG GAGGGATCC
GT TAA GAA AAG GACCGTAGTGAAAGACGGAGTAAACGGTGAAGTGAG GCC CTG GTCCCTAQG 
ECO R1 Bam H1
Fig. 5. Synthetic oligonucleotides PSP1 and 2 used tor 
reconstruction of the N-termlnal coding sequence corresponding 
to amino acids 12 to 30.
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The ten bp complementary regions of the PSP1 and PSP2 
were annealed and extended using the Klenow fragment of DNA 
polymerase to synthesize a 62 bp double-stranded fragment.
The blunt-ended ds DNA fragment was ligated into a pUC 
derivative, pTRAlOl, containing only EcoRI and Bglll sites 
with the remaining multicloning site eliminated. The 
pTRAlOl plasmid was digested with EcoRI and filled in by 
the K l e n o w  f r a g m e n t  to y i e l d  a blunt-ended vector 
(pTRA102). The 2.3 Kb GUS BamHI/EcoRI fragment of pBI 121, 
containing the entire GUS coding and NOS termination 
sequences, was cloned into pUC19 (pTRA135, kindly provided 
by Dr. A. H a yashimoto). The EcoRI site was replaced with a 
new Bglll site by EcoRI digestion, fill-in and Bglll linker 
ligation (pTRA138). The resulting GUS BamHI/Bglll fragment 
(2.3Kb) was ligated into BamHI/Bglll sites in pTRA102, 
resulting in signal peptide/GUS fusion (pTRA161). The 
sequence surrounding the translation fusion region was 
confirmed by DNA sequencing.
The resulting EcoRI/Bglll signal peptide-GUS fusion 
fragment was cloned into a binary vector pTRA421 (kindly 
provided by Dr. Caryl A. C h i a n ) . The intermediate vector 
pTRA421 is a derivative of a broad host range vector pTJS75 
and contains the entire phaseolin coding and regulatory 
sequences and plant expressible NPTII gene between T-DNA 
borders. The EcoRI/BamHI phaseolin 3' untranslated and 
coding sequence (including the portion of the signal
pe p t i d e } was replaced with the EcoRI/BglII signal peptide- 
GUS fusion sequence. To facilitate the ligation of the 
fragment into pTRA421, the bacteria-expressible NPTII 
cassette fragment was inserted at the BamHI site within the 
EcoRI/Bglll fragment. Cloning of the NPTII fragment into 
pTRA421 was screened by selection for both kanamycin and 
tetracycline (from pTRA421) markers, using g. col i K802 as 
host. The final clone was prepared by removing the NPTII 
cassette followed by s elf-1 igation through the BamHI site.
B. Intermediate vectors pTRA432, 433 and 434.
Constructions of intermediate vectors pTRA432, 433 and 
434 are summarized in Figures 6 and 7. A 0 . 4  K b
EcoRI/PstI fragment, containing the first exon of phaseolin 
c o d i n g  sequence, was cloned into M13mpl8 (pTRASOl) . 
Oligonucleotides PSP3 and PSP4 were used to introduce a 
BamHI site after the 50th or 104th amino acid positions by 
site-directed mutagenesis, resulting in pTRA502 and 503, 
respectively (Fig. 6). After mutagenesis the 0.15 Kb and
0.31 Kb EcoRI/BamHI fragments of pTRA502 and 503, were 
cloned into pTRA161 by replacing the 62bp EcoRI/BamHI 
fragment, resulting in pTRA162 and pTRA163, respectively. 
To facilitate cloning of the EcoRI/Bglll GUS fusion 
fragment into the pTRA421, the NPTII cassette was inserted 
into the BamHI site as b e f o r e . After removal of the
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Fig. 6. Construction of sn  Intsrmsdiats binary vactor 
pTRA433 and pTRA434 for Agrobactarlum tum sfac lans- 
madlatad transfer of tobacco.
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cas s e t t e , the final pTJS vectors were named pTRA4 33 and 
pTRA434, respectively (Fig, 6).
PSP2A oligonucleotide was used to create a new BamHI 
site at the 35-36th amino position in the EcoRI/PstI 
fragment in pBKS (pTRA302). The fragment was then joined 
to the Hindlll/EcoRI fragment (1.3 Kb) containing 5'- 
upstream sequence and coding sequences corresponding to the 
N-terminal first 12 amino acids (Fig. 7) . Finally, the 
resulting 1.4 Kb Hindlll/BamHI fragment was replaced the 
Hindlll/BamHI fragment of pTRA431, creating pTRA432 (Fig. 
7) .
c. Intermediate vectors pTRA429 and pTRA4 30
Intermediate vectors pTRA4 29 and 430 were constructed 
as illustrated in Figure 8. The 1.3 Kb Hindlll/EcoRI 
fragment containing the phaseolin 5 '-upstream and coding 
sequences was cloned into pBKS+ (pTRA301). Then, Bglll 
(PSPO) or BamHI (PSP1A) sites were introduced at the 
methionine initiation codon or the 3rd-4th amino acid 
p o s i t i o n ,  r e s p e c t i v e l y  (Fig. 8). T h e  r e s u l t i n g
Hindlll/Bglll or Hindlll/BamHI fragments were replaced with 
the Hindlll/BamHI fragment of pTRA433, creating pTRA429 or 
pTRA43 0.
D. Intermediate vector pTRA43 5
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medlated transformation of tobacco.
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The 1.0 Kb PstI fragment, containing the 3'-segment 
of phaseolin cDNA coding sequence (kindly provided by Dr. 
Jerry Slightom, Upjohn Co.) and part of 3' untranslated 
sequence, was cloned into pBKS+ (Fig. 9). Site-directed 
mutagenesis was performed to introduce a BamHI site at the 
4 17th—4 18th amino acid of the coding sequence. The 0.9 Kb 
PstI/BamHI fragment was replaced with the wild type 
phaseolin coding sequence (pTRA307). The resulting 1.0 Kb 
EcoRI/BamHI fragment of pTRA307 was replaced with the
E c o R I / B a m H I  s ignal p e p t i d e  of pTRA434. The final
c o n s t r u c t ,  p T R A 4 35, s h o u l d  p r o d u c e  h y b r i d  p r o t e i n
c o m p r i s i n g  GUS polypeptide and the nearly complete-
phaseolin (Fig.9).
6. DNA sequencing
DNA sequencing was carried out to confirm the
introduction of a restriction site at the target sites and 
to verify that no sequence alternation occurs due to in 
vitro manipulation. In pTRA429, 430, 431 and 432, double
strand DNA sequencing was done using the GUS sequencing
primer (20mer) which anneals to GUS coding sequence from 
+ 13 to +3 2 from the ATG initiation c o d o n . Since the
mutation in pTRA43 3, 4 34 and 4 35 were over 2 50 bp separated 
from t h e  GUS primer, single-strand DNA of M13mpl8 
c o n s t r u c t s  c a r r y i n g  the a l t e r e d  s e q u e n c e s  and M13
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pTRA435 for Agrobacterium tumefaclens-medlated 
transformation of tobacco.
sequencing primers were used for sequencing of these 
constructs. The detailed protocol for the dideoxy chain 
termination reaction (25) is described in Appendix 7. The 
DNA samples were electrophoresed in an 8 % polyacrylamide 
gel (40 cm x 20 cm, 0.4 mm thick) for 2-6 hr at 1,900 V.
RESULTS
We are i n t e r e s t e d  in ident i f y i n g  the vacuole 
t r a n s p o r t  s i gnal in the b e a n  seed storage protein 
phaseolin. To accomplish our objective, several portions 
of the phaseolin sequence were translationally fused to the 
reporter GUS coding sequence, with the expectation that GUS 
protein will be transported to tobacco seed protein bodies 
when fused to a functional phaseolin vacuole targeting 
s e q u e n c e .
Our approach to design the chimeric fusion proteins 
was based on three assumptions, suggested from previous 
studies of vacuole targeting both in yeast and plant (17, 
34) . F i r s t , the putative transport signal resides in the 
mature part of phaseolin polypeptide. S e c o n d , the signal 
may reside in the N-terminal region following the signal 
peptide. Third, like the signal peptide, the vacuole 
targeting signal may contain short hydrophobic amino acid 
stretches to recognize the possible receptor on the 
tonoplast membrane.
Initially, we searched for hydrophobic stretches in 
the N-terminal region (first exon, 104 amino acids). There 
were no obvious hydrophobic stretches in this region nor 
were there any within the vacuole targeting sequence of
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phytohemagglutinin as proposed by Chrispeels within the 
first exon (unpublished). However, there appears to be a 
rather weak hydrophobic region between the 78th and 104th 
amino acids of phaseolin. This stretch contains 19 
hydrophobic amino acids. Consequently, we made a construct 
to include this region as the putative vacuole transport 
signal (pTRA434). A new BamHI site was introduced into the 
start of first intron, and the whole 104 amino acids in the 
first exon were joined in frame to GUS.
It is not known that the putative transport signal is 
cleavable as the signal peptide. It is possible the 
vacuole signal sequence may be processed during the 
translocation across the tonoplast membrane. If this is 
true, the putative signal may be located within a few amino 
a c i d s  following the signal peptide. To test this
possibility and to further dissect the locations of the
t r a n s p o r t  signal, two more constructs were prepared 
(pTRA432 and 433). The ER-signal peptide plus first ten or 
26 amino acids were joined to GUS, creating pTRA4 32 and
4 33, respectively.
To test the presence of the vacuole transport signal 
at other than an N-terminal region, pTRA435 was prepared. 
Using phaseolin cDNA, almost the entire phaseolin coding
sequence was placed in front of GUS. If GUS can tolerate 
the fusion of 416 amino acid at its N-terminal and
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transport into protein body, the presence of the targeting 
signal in the phaseolin coding sequence will be proved. In 
combination with the results from the previous three 
constructs, the location of the signal could be deduced.
Three more constructs were prepared as controls for
the test of vacuole transport. pTRA429 does not contain 
the phaseolin signal peptide, so that phaseolin 5'-upstream 
regulatory sequence was transcriptionally joined to GUS. 
p T R A 4 30 contains the first two N-terminal methionines and 
p T R A 4 31 the first 30 amino acids (the entire signal peptide 
plus six amino a c i d s ) . Assuming that plant vacuolar 
proteins are truly secretory proteins and that the plant 
has special machinery to transport phaseolin into the
protein bodies, these three controls should not transport 
phaseolin into the protein bodies. In pTRA429 and 430 GUS 
is expected to remain in cytoplasm, whereas, in pTRA431, 
GUS should be directed to the ER and further into a branch 
of the secretory pathway other than the vacuole and finally 
secreted out to the extracellular spaces.
The total seven constructs thus prepared (Fig. 10)
were transferred into pTJS plant transformation vector and
transformed into tobacco plants via Agrobacterium-mediated 
leaf-disc co-cultivation for upcoming expression studies.
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DISCUSSION
In both eukaryotic and prokaryotic cells, newly 
synthesized proteins are destined to specific intracellular 
locations. Nascent proteins usually pass through several 
intrace1lular membranes to reach their final s ite of 
functions. The signals directing the proteins to target 
membranes generally reside in short amino acid stretches 
located near the amino or carboxyl-terminus of the protein 
(26). The structural feature of the targeting signals does 
not appear to be an amino acid sequence. For example, the 
signal peptide which directs protein transport through the 
endoplasmic reticulum membrane are known to be composed of 
hydrophobic amino acids (27) , whereas transit peptides 
which target nuclear-encoded proteins into mitochondria 
(28) and chloroplasts (29) are of hydrophilic amino acids. 
The targeting signals appear to be recognized by specific 
membrane-bound receptors, facilitating the translocation of 
either unfolded or folded proteins in a vectorial fashion 
and cleaved during the translocation across the membrane by 
specific proteases (30). When a signal peptide is fused to 
the N-terminus of a cytosolic protein, the fusion protein 
is usually directed to the membrane that the signal 
specifies (30).
There is well-documented evidence for the targeting 
signals which are involved in sorting and transport of the
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p r o t e i n s  i n  s e c r e t o r y  p a t h w a y  ( E R - G o l g i -  
vacuole/lysosome/plasma membrane). Protein delivery to the 
lysosome has been extensively studied in mammalian cells, 
and at least one targeting signal has been found to be 
receptor-mediated (31,32). Mannose-6-phosphate in glycosyl 
residue of lysosomal protein is recognized by a receptor in 
Golgi apparatus. The targeting signal for vacuolar 
proteins is shown to be in its polypeptide domain, not in 
its glycan, in yeast cells (33) . Johnson et al. (30) and 
Vails et al.(34) showed that the N-terminal 30 amino acids 
that follow the signal peptide of vacuolar glycoprotein, 
carboxypeptidase Y, were sufficient to direct the transport 
of cytoplasmic invertase protein into yeast vacuole.
The vacuole transport mechanism is much less known in 
plant. Available evidences indicate that the vacuole 
transport signal is located in the polypeptide domain of 
mature phytohemagglutinin (PHA). Dorel et al. reported 
that when a chimeric gene consisting of the PHA promotor 
and the coding sequence of the cytosolic Pisum sativum 
albumin PA2 was transformed to tobacco, glycosylated 
a l b u m i n  was s y n t h e s i z e d  in the t o b a c c o  seeds and 
transported to the plasma membrane rather than to the 
protein bodies (unpublished). This study strongly suggests 
that the transport of cytosolic protein into the protein 
bodies may require an additional targeting signal in a 
polypeptide domain. Tague and Chrispeels (17) also showed
85
that when the plant PHA gene was expressed in yeast cells, 
PHA was targeted into yeast vacuole. In this case, there 
was no cleavable propeptide beside the signal peptide. 
Furthermore, Chrispeels proposed a consensus sequence of a 
hydrophobic four amino acids (Leu-Gln-Arg-Asp) that may 
involve in the vacuole transport signal (unpublished). The 
Chrispeels-proposed sequence was located at the N-terminal 
amino acid 6 0 to 64 of phaseol i n . The consensus sequence 
was found in most, but not all, vacuolar proteins in yeast 
and higher plants. It resides either near the N or C- 
terminus of the polypeptide. Consequently, we attempted to 
test essentially entire phaseolin coding sequence for the 
putative vacuole transport s i g n a l . Targeting of GUS
polypeptide into vacuole under control of the putative 
p h a s e o l i n  transport sequence is to be monitored in 
transgenic t o b a c c o .
Our experiment relies on the efficient detection of 
the GUS activity in targeted compartments. A recent report 
indicates that the GUS fusion protein was glycosylated 
during translocation across the ER membrane and that GUS 
activity was significantly reduced, presumably due to 
glycosylation (38). Apparently, the GUS protein has two 
potential sites for glycosylation (38) . The tunicamycin 
treatment of tobacco suspension cells containing the fusion 
gene inhibited glycosylation and restored the GUS activity 
(38). Therefore, it may be necessary to eliminate the
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potential glycosylation site in the GUS sequence in order 
to gain full utility of GUS reporter gene.
A primary objective of this study is to identify a 
targeting signal that is involved in protein transport into 
plant vacuolar protein bodies. One of our long term goals 
is to alter the amino acid compositions of phaseolin for an 
improved nutritional quality. To achieve this goal, it is 
imperative to understand a mechanism of the transport of 
seed storage protein phaseolin. By identifying the
p u t a t i v e  v a c u o l e  targeting signal, transport of the 
engineered seed storage protein into vacuole protein bodies 
may be more readily accomplished.
REEERENCES
1. Osborne, T. B. 1894. The proteids of the kidney bean
(Phaseolus vul g a r i s ). J. Am. Chem. Soc. 16: 633-764.
2. Mcleester, R. C . , Hall, T. C., Sun, S. M. and Bliss, F.
A. 1973. Comparison of globulin proteins from Phaseolus 
vulgaris with those from Vicia f aba. Phytochemistry 12: 85- 
93 .
3. Sun, S. M . , Mutschler, M. A., Bliss, F. A. and Hall, T.
C. 1978. Protein synthesis and accumulation in bean 
cotyledons during growth. Plant Physiol. 61: 918-923.
4. Bollini, R. and Chrispeels, M. J. 1978. Characterization 
a n d  s u b c e l l u l a r  l o c a l i z a t i o n  o f  v i c i l i n  a n d  
phytohemagglutinin, the two major reserve proteins on 
Phaseolus v u l g a r i s . Planta 150: 419-425.
5. Talbot, D. R., Adang, M. J., Slightom, J. L. and Hall,
T. C. 1984. Size and organization of a multigene family
encoding phaseolin, the major seed storage protein of 
Phaseolus v u l g a r i s .
M o l . G e n . Genet. 198: 42-49.
6. Brown, J. W. S., Ma, Y., Bliss, F. A. and Hall, T. C.
1981. Genetic variation in the subunits of Globulin-1 
storage protein of French bean. Theor. Appl. Genet. 59: 83- 
88.
7. Hall, T. C. , McLeester, R. C. and Bliss, F. A. 1977.
Equal expression of the maternal and paternal alleles for 
the polypeptide subunits of the major storage protein of 
the bean Phaseolus vulgaris L. Plant Physiol. 59: 1122-
1124 .
8. Ma, Y., Bliss, F. A. and Hall, T. C. 1980. Peptide
mapping reveals considerable sequence homology among the 
three polypeptide subunits of G1 storage protein from 
French bean seed. Plant Physiol. 66: 897-902.
9. Sun, S. M., Slightom, J. L. and Hall, T. C. 1981.
Intervening sequences in a plant gene-comparison of the 
partial sequence of cDNA and genomic DNA of French bean 
phaseolin. Nature 289: 37-41.
10. Slightom, J. L. , Sun, S. M. and Hall, T. C. 1983. 
Complete nucleotide sequence of a French bean storage 
protein gene: Phaseolin. Proc. Natl. Acad. Sci. USA 80: 
1897-1901.
87
8 8
11. Bollini, R. , Vital, A. and Chrispeels, M. J. 1983. A 
precursor of the reserve-protein phaseolin is transiently 
associated with the endoplasmic reticulum of developing 
Phaseolus vulgaris cotyledons. J. Cell Biol. 96: 999-1007.
12. Sturm, A., Van Kuik, J. A., V I iegenthart, J. G. F. and 
C h r i s p e e l s ,  M. J. 1987. s t r u c t u r e ,  p o s i t i o n ,  and 
b i o s y n t h e s i s  of t h e  h i g h  m a n n o s e  a n d  c o m p l e x  
oligosaccharide side chains of the bean storage protein 
phaseolin. J. Biol. Chem. 262: 13392-13403.
13. Baumgartner, B . , Tokuyasu, K. T. and Chrispeels, M. J. 
1980. Immunocytochemical localization of reserve protein in 
the endoplasmic reticulum of developing bean (Phaseolus 
vu lgaris) cotyledons. Planta 150: 419-425.
14. Hurkman, W. J. and Beevers, L. 1982. Sequestration of 
pea reserve proteins by rough m i c r o s o m e s . Plant Physiol. 
69: 1414-1417.
15. Greenwood, J. S. and Chrispeels, M. J. 1985. Correct
targeting of the bean storage protein phaseolin in Lhe
seeds of transformed tobacco. Plant Physiol. 79: 65-71.
16. Sengupta-Gopalan, C., Reichert, N. A., Barker, R. F. ,
Hall, T. C. and Kemp, J. D. 1985. Developmentally regulated 
expression of the bean beta-phaseolin gene in tobacco seed. 
Proc. Natl. Acad. Sci. USA 82: 3320-3324.
17. Tague, B. W. and Chrispeels, M. J. 1987. The plant
vacuolar p r o t e i n , phytohemagglutinin, is transported to the 
vacuole of transgenic yeast. J. Cell Biol. 105: 1971-1979.
18. Jefferson, R. A., Burgess, S. M. and Hirsh, D. 1986.
beta-Glucuronidase from Escherichia coli as a gene fusion 
marker. Proc. Natl. Acad. Sci. USA 83: 8^4^-8451.
19. Jefferson, R. A., Kavanagh, T. A. and Bevan, M. W. 
1987. GUS fusions: beta-glucuronidase as a sensitive and 
versatile gene fusion marker in higher plants. EMBO J. 6: 
3901-3907.
20. Pain, D. , Murakami , H. , Schnell, D. J. and Blobel, G. 
1989. Mechanism of import of proteins into chloroplasts and 
m i t o c h o n d r i a .  UCLA symposium "plant gene transfer" 
(abstract)
pp2 3 2 .
2 1 . L o ngsdale, D. M. and H o d g e , T. P. 1988. Mitochondrial 
biogenesis in plants. Plant Physiol, (supplement) 86: 4.
22. Maniatis, T. , Fritsch, E. F. and Sambrook, J. 1982. 
"Molecular cloning: A laboratory manual." Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY.
89
23. Kunkel, T. A. 1985. Rapid and efficient site-specific
mutagenesis without phenotypic selection. Proc. Natl. Acad. 
Sci. USA 82: 488-492.
24. Kunkel, T. A., Roberts, J. D. and Zakour, R. A. 1987. 
Rapid and efficient site-specific mutagenesis without 
phenotypic selection. Meth. Enzymol. 154: 367-383.
25. Sanger, F., Nicklen, S. and Coulson, A. R. 1977. DNA 
s e q u e n c i n g  w i t h  c h a i n - t e r m i n a t i n g  i n h i b i t o r s .  
Proc.Natl.Acad.Sci.USA. 74: 5463-5467
26. Verner, K. and Schatz, G. 1988. Protein translocation
across m e mbrane(review). Science 247: 1307-1313.
27. Schatz, G. 1987. Signals guiding proteins to their
correct locations in mitochondria. Eur. J. Biochem. 165: 1-
11.
28. Watts, C., Wickner, W. and Zimmermann, R. 1983. M13 
procoat and pre-immunoglobulin share processing specificity 
but use different membrane receptor mechanisms. Proc. Natl. 
Acad. Sci. USA 80: 2809-2813.
29. Roise, D. and Schatz, G. 1988. Mitochondrial
presequences. J. Biol. Chem. 263: 4509-4516.
30. Johnson, L. M. , Bankitis, V. A. and Emr, S. D. 1987.
Distinct sequence determinants direct intracellular sorting 
and modification of a yeast vacuolar protease. Cell 48:
875-885.
31. Kornfeld, S. 1986. Trafficking of lysosomal enzymes in 
normal and disease states. J. Clin. Invest. 77: 1-6.
32. Sly, W. S. and Fischer, H. D. 1982. The phosphomannosyl 
recognition system for intracellular and intercellular 
transport of lysosomal enzymes. J. Cell Biochem. 18: 67-85.
33. Bollini, R. A., Cerrioti, M. G. and Vitale, A. 1985.
Glycosylation is not needed for the intracellular transport
of phytohemagglutinin in developing phaseolus vulgaris 
cotyledons and for the maintenance of its biological 
activities. Physiol. Plant 65: 15-22.
34. Vails, L. A., Hunter, C. P., Rothman, J. H. and 
Stevens, T. H. 1987. Protein sorting in yeast: The 
localization of yeast vacuolar carboxypeptidase Y resides 
in the polypeptide. Cell 48: 887-893.
9 0
35. Small, G. M. , Szabo, L. Z. and Lazaro, P. B. 1988. The 
t o p o g e n i c  s i g n a l  of t h e  g l y c o s o m a l  ( m i c r o b o d y )  
phosphoglycerate kinase of Crithidia fasciculata resides in 
a carboxy-terminal extension. EMBO J. 7: 1167-1173.
36. Small, G. M. , Szabo, L. J. and Lazarow, P. B. 1988. 
Acyl-CoA oxidase contains two targeting sequences each of 
which can mediate protein import into peroxisomes. EMBO J. 
7 : 1167-1173.
37. Hoffman, L. M . , Donalson, D. D. and Herman, E. M. 1988. 
A modified storage protein is synthesized, processed, and 
degraded in the seeds of transgenic plants. Plant Mol. 
B i o l . 11: 717-729.
38. Iturriga, G., Jefferson, R. A. and Bevan, M. W. 1989. 
Endoplasmic reticulum targeting and glycosylation of hybrid 
proteins in transgenic tobacco plants. Plant Cell 1: 381- 
390.
APPENDIX 1. Bacterial strains and their genotypes.
E-Soll
C600
HB101
K802 
NM522 
CJ 2 3 6 
MV1190
XL-lblue
genotype
F , t h i - 1 , t h r - 1 , l e u B 6 , l a c Y l , t o n A 2 1, 
s u p E 4 4 .
F- , hsdH20, recA13, ara-14, p r o A 2 , lacYl, 
galK2, rpsL20, xyl-5, mtl-1, supE44.
hsdR , hsdM , gal , met , supE.
F+ , thi, lac-proAB, hsd5, supE, proAB, lacz- 
M15 .
thi, relA, d u t , u n g :p C J 105(c m ) .
lac-proAB, thi, supEl, srl- 
recA)306::T n l O (t e t ) , traD, proAB, lacZ M15.
recAl, endAl, gyrA96, thi, h s d R 1 7 , supE44, 
proAB, lacZ M15:TN10.
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APPENDIX 2. Media and solutions
Media
L-broth 10 g/i tryptone
5 g/i yeast extract
5 g/i NaCl
1 g/i glucose
2x YT 16 g/i tryptone
10 g/i yeast extract
5 g/i NaCl
pH adjusted to 7 .3 with 1.0 N NaOH
For agar, 1 .5 % (w/v) of agar was added
For top agar, 0.75 % (w/v) of agar was added.
. flgrobacterium-medium
10X salts 100 ml
mannitol 2 g
(NH4 )2S04 2 g
Yeast extract 5 g
volume adjusted to 1 liter.
10X salts KH2P04 109.0 g/1
MgS04 .7H20 1.6
FeS04 .7H20 0.05
CaCl2 .7H20 0.11
MnCl2 .7H20 0.02
pH adjusted to 7.0 with 1.0 N KOH
Electrophoresis buffer
a. Tris-acetate buffer (TAE)
Working solution
0.04 M Tris-acetate 
0.001 M EDTA
Concentrated stock solution (50X) 
per liter:
Trizma. base 242 g 
glacial acetic acid 57.1 ml 
0.5 M EDTA (pH 8.0) 100.0 ml
b. Tris-borate buffer (TBE)
Working solution
0.089 M Tris-borate 
0.089 M boric acid
0.002 M EDTA
9 3
Concentrated stock solution (5X) 
per liter:
Triszma. base 54 g 
boric acid 27.5 g
0.5 M EDTA 20 ml
D. Other solutions
a . Tris-HCl buffer
pH 7.4
10 mM Tris Cl (pH 7.4) 
1 mM EDTA (pH 8.0)
pH 8.0
10 mM Tris Cl (pH 8.0) 
1 mM EDTA (pH 8.0)
b. Denhardt's solution (50X)
Ficoll 5 g
polyvinylpyrrolidone 5 g
BSA 5 g
H2O to 500 ml
c. 2OX SSC
NaCl 175.3 g
Na citrate 88.2 g 
H 20 800 ml
Adjust pH to 7.0 with 10 N NaOH 
Adjust volume to 1 liter
d. 3 M Sodium acetate
Na-acetate 3H20 408.1 g
H 20 800 ml
Adjust pH to 5.2 with glacial acetic acid 
Adjust volume to 1 liter
Appendix 3. Summary o f Southern Hybrydization Analysis o f  
Transgenic tobacco DNA
Transgenic
Plant
Signal Intensity and \ 
D N A  Fragment Size in Kbp
^ • i B)Estimated 
T-DNA Copy
 Number, ,
1. NPTII o r border probe NPTII probe border probe
X-403-NR 12-YA 2(4.0)+1(3.6) 1(7-3) 2-3
X-403-NR 20-1A 1 (10.5>+1(5.7>+1(42>+1(3.9>+1(3.7) 
+2(3.1 >+2(1.5)
- 6-7
X-403-NR 20-1AIII 1(16.0>+l(13.5)+1(32>+1(3.0>+2(15) - 4
X-403-NR 20-B l(5.8)+l(4.5}+l(4.3>+8(3.9>+10(3.1) 
+2(15)
- 5-10
X-403-NR 20-C 1(7.8) - 1
X-403-NR 20-ID ND 1(4.6)+1 (4 J ) 2
X-403-NR 21-lD 1(42>+1(3.1 >+1(2.9) - 3
X-403-NR 21-1E 1(8.8) 1(43) 1
X-403-NR 21-2C NT 1(4.9) 1
X-403-NR 21-2D 2(14.3) 1(12) 1-2
X-403-N 17-1 1(7.3>+1(3.7) 1(7-3) 2
X-403-NN 17-1C 1(4.3) - 1
X-403-NN 17-ID l(13-5)+l(10.0) - 2
2. BT or NPTII probe NPTII probe BT probe/ r ..
1(4.3)+1(3.0) ^ 7H-420-1 l(145)+1{9.4>+l(4.8>+]{42) 4
H-420-2 1(8.6) ND 1
H-420-3 I(8.6)+l(5.6)+2(4.8) 1(3.0)+1(1.1) 3-4
H-420-4 1(135>+1(11.0>+1(3.3) ND 3
H-420-5 1(18.5)+1(52>+1(4,0>+l(3.8)+1(32) 
+ 1{25)+1(23>+1(0.8)
1(3.0)+1(1.1 >+1(0.9) 7
H-420-8 2(125>+l(6.0>+2(4.8>+l(2.9>+l(2jl) 
+2(2.5)+1(0.8)
1(85)+ 5(3.0)+1 (1.1 >+1 (0.9) 6-9
H-420-9 2( 11 5>+2<5.3>+1(3.9)+ 1(3.8)+1(Z6) 
+1(2-3)
1(85)+5(3.0) 6-8
H-420-13 ND 1(5.7)+4(3.0) 1
H-420-15 2( 11,0)+2(5.1) ND 2-4
H-420-16 1(9.7) ND 1
H -420-17 1 (9.7)+1 (4.1 )+2(3.0)+2a8) ND 4-6
H-420-18 %  13.0)+2(9.8)+1(6.4)+1 (45) 1(3.0)+1(2.7)+1(0.8 >+1(0.7) 4-6
94
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Estimated
Transgenic Signal Intensity and T-DNA Copy
Plant_____________________ D N A  Fragment Size in Kbp___________ Number
NPTII probe BT probe
H-420-I9 20X^20 A) 1(7-6)+107)+1{0.8>+1(0.7) 2-4
H -420-20 1 (7.5>+3(43>+1(3.6)+1(29) ND 4-6
H-420-21 l(7.8>+10(45)+6(3.6)+3(2.9>+l(l.3) 1(5.0}+1(3.8)+1(3.1) 4-2<
H-42Q-II 1(13.8)+1(8.3)+1(7.8)+2(5.9)+1(32) 
+1 (3.1 )+2(3.0)+2O9>+1(2.7) 
+2(1.3>+2(1.0)
1(6.1)+100.7)+1 (0.8)+1 (0.7) 7
X-420-A 3(17.0) ND 3
X-420-2 2(4.5) ND 2
X-420-3 3( 13£)>+ 1{ 11.0)+30(5.4)+1 (3.9)+ 1 (0.9) 1(4.6) 3-4
X-420-4 1(8.8)+1(4.0) ND 2
X-420-5 2(17.8>+2(15.0) 1(230>+1 (1 70}+ 1(3.1 >+10-8)+1 (0.9) 
+1(0.8)
2-4
X-413-1 5( 123)+S{8.1 )+2<3.0)+2(l .4) 1(11.0>+1(7.3)+1(5.0)+ 1(3.1}+1£28) 
+1(0.9}+1 (0.8)
4 -1:
X-413-4 10(15X)>+1(4J) 1(9.4)+1(3.4)+1(28)+1(0.75)+I{0i6) 2 1
X-413-5 2(10.1H2(73) l(110)+l(73)+l(5.0)+l(3.1)+lO8) 
+1(0-9)+1(0.8)
4
X-4I3-6 6(15.4 >+40(4.5) 1(24.0)+1 (9.4)+1(5.0}+1 (3.4)+1(28) 
+1(0.9)+1(0.8)
4-4l
3. Phaseolin o r NPTII probe N P i'll probe
X-41 ILY-a 3(42>+1(3.7)
Pbaseolin probe
3(4.1) 3-4
X-41 ILY-b 3(42)+ H3.7) 8(4.1) 4-8
X-41 ILY-c 3(42)+1(3.7) 3(4.1) 3-4
X-4] lRP-a 2(11.8) 3(4.1) 2-3
X+*llRP-b 2(11.8) 2(4.1) 2
X-41 lRP-c 2(11.9) 2(4.1) 2
X-4U-RA 1(6.3) ND 1
X-411-RTT 3(11.0) ND 3
X-411L4 30-8) 2(8.1) 2-3
X-411L-LAA . 1(133>+1(10.0>+1{8J>+1(4J)+1(3.7) 5
Transgenic
Plant
Signal Intensity and 
D N A  Fragment Size in Kbp
Estimated 
T-DNA Copy 
Number
X-41 tLZ-2 3(4.6) 3(8.1) 3
X-411LZ-5 3(4.6) 3(8.1) 3
X-411LZ-7 3(4.6) 3(8.1) 3
X-411LZ-8 3(4.6) 3(8.1) 3
4. TMV or NPTII probe NPT probe TMV probe
H-419A-II1 2< 13j5>+4S( 10}+2(5.2>+2(4.1 >+2(35) 
+ 1(2-3)
1(13) 5-15
H-419A-IV 2(135)+6(I0.0>+5(7.7)+1(4.7)+1(4.1) 1(1-3) 5 15
H-419A-V 2(13^>+6(10.0>+5C7.7>+1(4.7>+1(4.1) 1(1.3) 5-15
H-419A-VI 2(4.6>+2(2.7>+1(2.4) 1(1.3) 3-5
H-419A-2 4(14,0)+4(83>+4(5.8)+4(4.B >+4(4 2.) 1(1 J) 5-20
H-419A-3 1(5.8H 3(3.6) ND 4
H-419A-4 1(5.8>+3(3.6) ND 4
H-419A-6 2(15.0>+4(13,0>+1(11.0)+1(9.3 >+2(8.3) 
+1(6.5)
1(1.3) 6-11
H-419A-11 2(9.3) ND 2
H-419A-12 6(11.0)+2(3.5) ND 8
H-419B 1(5.3H1(42>+1(15) ND 3
H-419-1 3( 14.0>+2(83>+2(58>+2(4.8>+2(4.2) ND 5-11
H-419-2 1(5.8>+2(3.6) 1(1.0) 1-3
H-419-4 l(5.8>+2(36) ND 3
H-419A-A 3(6.3)+1(15) - 2-4
H-419A-B 3(6.3>+l(15) - 2-4
H-419A-Z 1(4.4)+I(1.5) - 2
NOTES;
A, Hybrydization signal indicating copy numbers and sizes. For example, 2(3.5) indicates 
2 copy signal of 3.3 Kb in size.
B, The T-DNA copy numbers were estimated on the basis of the number of border fragments or the 
intensities of the hybridization signals where applicable in two hybridization experiments
C, Underline represents the expected internal fragments.
D, ND (not detected)
Appendix 4. Genetic Analysis of Kanamycin Resistance Traits in F1 
Progeny of Transgenic Tobacco Plants.
Segregation Ratio T-DNA
Transgenic Kanamycin (ResistantrSensitive) Chromosome Copy
Plants Resistance Observed Exoected Loci Number
X-403-NR12YA + 1 2 3 : 1 9 ( 6 . 5 ) 3-15:1 1 2 2 - 3
X- 4 0 3 - N R20-1 A + / - 9 4 : 2 7  ( 3 . 5 ) 3:1 1 6 - 7
X-403-NR20-1AII I + 5 0 : 1 2  ( 4 . 2 ) 3 - 1 5 : 1 1 4
X - 4 0 3 - N R 2 0 - 1 B - 0 : 1 0 2  ( 0 ) 0 ? 5 - 1 0
X - 4 0 3 - N R 2 0 - 1 C + 8 8 : 6  ( 1 4 . 7 ) 15:1 2 1
X - 4 0 3 - N R 2 0 - 1 D + NT NT NT 2
X - 4 0 3- NR 2 1  -1 A + 9 9 : 3 3  ( 3 . 0 ) 3:1 1 NT
X - 4 0 3 - NR2 1  -1 C + / - 3 : 1 0 6  ( 0 . 0 3 ) <3:1 <1 NT
X - 4 0 3 - N R 2 1  -1 D + 5 9 : 1 9  ( 3 . 1 ) 3:1 1 3
X - 4 0 3 - N R 2 1  -1 E + 7 5 : 2 2  ( 3 . 4 ) 3:1 1 1
X- 403- N R 2 1-2C + 7 8 : 9 8  ( 0 . 8 ) <3:1 <1 1
X 4 0 3 - N 2 1  2D + 1 9 9 : 3 7 ( 5 . 4 ) 3 - 1 5 : 1 1 - 2 1 -2
X - 4 0 3 - N 17-1 + / - NT NT NT 2
X-403- NN1  7-1 A NT 4 4 : 1 3 3:1 1 NT
X- 403- NN 1 7-1 C + / - 0: 221  ( 0 ) 0 ? 1
X- 403- NN1  7-1 D + 1 6 7 : 7  ( 2 3 . 9 ) >15:1 >2 2
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Segregation Ratio T-DNA
Transgenic Kanamycin (Resistant Sensitive) Chromosome Copy
—Plants____________ R esistance Observed________ Expected________ LflCi Number
X - 4 0 3 - N N - 1  7-1 F + / -  101:1  ( 1 0 1 )  >63:1 >3 NT
X - 4 0 3 - N N 2 1  -1 B + 1 1 2 : 4 4 ( 2 . 5 )  3:1 >2 NT
X - 4 0 3 - N N - 1  7-1 F + 8 3 :4  ( 2 0 . 8 )  >15:1 >2 NT
X - 4 0 3 - 2 1  - 2D NT 8 5 : 0  ( -  ) >63:1 >3 NT
99
T ransgen ic  
... Plants___
Segregation  Ratio 
(R esistantrSensitive) 
Observed_________E xpected
C hrom osom e
Loci
T-DNA
C opy
N um ber
H - 4 2 0 - 1  
H - 4 2 0 - 2  
H - 4 2 0 - 4  
H - 4 2 0 - 8 
H - 4 2 0 - 9 
H - 4 2 0 - 1 2 
H - 4 2 0 - 1 3 
H - 4 2 0 - 1 6 
H - 4 2 0 -  1 7 
H - 4 2 0 - 1 8 
H - 4 2 0 - 1 9 
H - 4 2 0 - 2 5
2 7 : 1 5 ( 1  . 8 )
8 5 :0  ( -  )
7 4 : 2 6 ( 2 . 8 )
7 2 : 2 0 ( 3 . 6 )
1 0 3  :0( «  )
<3:1
>63:1
1 2 6 : 2 5 ( 5 . 0 )  3:1
9 6 : 1  ( 9 6 . 0 )  >63:1
90 : 1  ( 9 0 . 0 )  >63:1
3 :1
91 :6 ( 1 5 . 1 )  15 :1
6 7 : 3 1 ( 2 . 2 )  <3:1
6 5 : 2 7 ( 2 . 4 )  <3:1
7 7 : 2  ( 3 8 . 5 )  >15:1
3 :1
> 63:1
<1
>3
>3
>3
1
2
<1
>2
1
>3
6 - 9 
6 - 8 
NT 
1 
1
4 6 
4 - 6 
2 - 4 
NT
X - 4 2 0  - A 
X - 4 2 0 - 2 
X - 4 2 0 - 4 
X - 4 2 0 - 4 ' 
X - 4 1 4 - R E  
< F 2 ) 1
2 8 : 1 2 ( 2 . 3 )  3:1
2 7 : 1 5 ( 1 . 8 )  <3:1
5 5 : 1 7 ( 3 . 2 )  3 :1
71 :8 ( 1 0 . 1 )  3 - 1 5 : 1
7 3 : 2 8 ( 2 . 6 )  3:1
7 0 : 2 8 ( 2 . 5 )  3:1
1
< 1
1
1 - 2 
1 
1
3
2
2
NT
NT
1 0 0
Segregation  Ratio T-DNA
T ransgen ic  (R esistan t:Sensitive) C hrom osom e Copy
Plants O bserved ExDected Loci N um ber
< F 2 ) 3 6 4 : 2 1 ( 3 . 0 ) 3 :1 1 NT
X - 4 1 4 - R F 7 4 : 1 0 ( 4 . 0 ) 3 - 1 5 : 1 1 - 2 NT
X - 4 1 4 - R G 8 5 : 2 8 ( 3 . 0 ) 3:1 1 NT
X- 41  4 - R G 4 9 9 : 0  ( «  ) >15:1 >2 NT
X -4 1 4 - R A 9 2 : 7 ( 1  3 . 1 ) 15 : 1 2 NT
<F2>1 9 9 : 0  ( -  ) >63:1 >3 NT
( F 2 )  3 8 9 : 5  ( 1 7 . 8 ) 1 5 : 1 2 NT
( F 2} 4 8 9 : 7  ( 1 2 . 7 ) 15 : 1 2 NT
X - 4 1 3-  A 1 9 7 : 7 8 ( 2 . 5 ) 3:1 1 NT
X 4 1 3 - B 1 9 9 : 7 7 ( 2 . 5 ) 3:1 1 NT
X - 4 1 3 - 1 6 6 : 3 0 ( 2 . 2 ) <3:1 <1 4 - 1 2
X - 4 1  3 - 4 6 7 : 2 7 ( 2 . 5 ) 3 :1 1 2 - 1 1
X - 4 1 3 - 5 7 3 : 2 6 ( 2 . 8 ) 3:1 1 4
X - 4 1  1-LY 1 3 4 : 2 5 ( 5 . 4 ) 3 - 1 5 : 1 1 - 2 NT
( F 2 )  5 4 3 : 1 0 ( 4 . 3 ) 3 - 1 5 : 1 1 - 2 NT
( F 2)  6 5 9 : 1 6 ( 3 . 7 ) 3:1 1 NT
( F 2 )  7 6 7 : 2 5 ( 2 . 7 ) 3:1 1 NT
( F 2 )  A 5 5  :30(  1 . 8 ) <3:1 <1 3 - 4
m i
Segregation  Ratio T-DNA
T ransgen ic  (R esistan t:Sensitive) C hrom osom e Copy
Plants______________ O bserved _________E xpected_________ LfiCi_________ N um ber
( F 2 ) B 7 : 6  ( 1 . 1 ) <3:1 <1 4 -
< F 2 ) C 2 3 :0  ( -  ) > 15 .1 >2 3 -
X - 4 1  1 - R P 8 4 : 3 0 ( 2 . 8 ) 3:1 1 NT
( F 2 ) a NT NT NT 2 -
{ F 2 ) b 8 6 : 0  ( « ) > 63:1 >3 2
( F 2 ) c 8 5 : 1  ( 8 5 . 1 ) >63:1 >3 2
( F 2 )  1 9 9 : 0  ( -  ) >63:1 >3 1
( F 2 ) 4 1 5 : 5  ( 3 . 0 ) 3 : 1 1 1
X - 4 1  1- LZ 9 6 : 3 0 ( 3 . 2 ) 3:1 1 NT
( F 2 ) 2 8 3 :1  1 ( 7 . 5 ) 3 - 1 5 : 1 1 - 2 3
X-411-LZ ( c on t i nue d )  
< F 2 ) 4 1 1 0 : 2 1  ( 5 . 2 ) 3 - 1 5 : 1 1 - 2 NT
( F 2 )  5 1 1 2 : 2 3 ( 4 . 9 ) 3 - 1 5 : 1 1 - 2 3
( F 2 ) 6 7 3 : 1 2 ( 6 . 1  ) 3 - 1 5 : 1 1 - 2 NT
( F 2 ) 7 1 1 3 : 2 9 ( 3 . 9 ) 3 - 1 5 : 1 1 - 2 3
( F 2 )  8 7 4 : 1 8 ( 4 . 1  ) 3 - 1 5 : 1 1 2 3
( F 2 ) 9 1 2 9 : 2 6 ( 5 . 0 ) 3  1 5 : 1 1 - 2 NT
(F2)AA 9 2 : 2 5 ( 3 . 7 ) 3:1 1 - 2 NT
X - 4 1 1 - L Q B 7 3 : 1 7 ( 4 . 3 ) 3 - 1 5 : 1 1 NT
1 0 2
Segregation  Ratio T-DNA
T ransgen ic  (R esistan t:Sensitive) C hrom osom e Copy
 Eiants______________ O bserved_________Expected__________Loci_________ N um ber
X - 4 1 1 - L Q C  4 9 : 1 4 ( 3 . 5 )  3 :1  1 NT
X - 4 1 9 - A 1 3 : 1 6 ( 0 . 8 )  <3.1 <1 3
X - 4 1 9 - B  1 8 2 : 3 9 ( 4 . 7 )  > 15 :1  >2 4
X - 41 9 -1 2  8 3 : 1 0 ( 8 . 3 )  3 - 1 5 : 1  1 - 2  NT
X - 4 1 9 - I I 1  9 9 : 0  ( « )  > 63 :1  >3 NT
X - 41  9 - 2 1 5 1 : 2 8 ( 5 . 4 )  3 - 1 5 : 1  1 NT
X - 4 1  9 - 3  8 5 : 8  (1 0 . 6 )  3 - 1 5 : 1  1 - 2  3
X - 4 1  9 - 4  5 9 : 3 0 ( 2 . 0 )  <3:1 <1 3 0
H - 4 1 9 - A V  2 2 7 : 7 8 ( 2 . 9 )  3 : 1  1 5 - 1  5
H - 4 1 9 - A 2  1 8 0 : 1 ( 1  8 0 )  > 63 :1  >3 5 - 2 0
H - 4 1 9 - A 3  4 4 : 1 0 ( 4 . 4 )  3 - 1 5 : 1  1 - 2  4
H - 4 1 9 - A 4  2 1 0 : 0 ( « )  > 63:1  >3 4
H - 4 1 9 - A 6  1 5 6 : 4 2 ( 3 . 7 )  3 :1  1 6 - 1  1
H - 4 1 9 - A 9  1 6 5 : 4 4 ( 3 . 8 )  3 - 1 5 : 1  1 - 2  NT
H - 4 1 9 - A 1 0  8 3 : 6  ( 1 3 . 8 )  1 5 : 1  2 NT
H - 4 1 9 - A 1  1 1 5 2 : 4 3 ( 3 . 5 )  3 :1  1 2
H - 4 1 9 - A 1 3  1 0 8 : 4 1 ( 2 . 6 )  3 : 1  1 NT
1 0 3
S egregation  Ratio T-DNA
T ransgen ic  (R esistan t:Sensitive) C hrom osom e Copy
 Plants-------------------- Observed_________Expected_________ Loci_________ N um ber
H - 4 1 9 - A A  1 0 9 : 0 ( « )  >63:1  >3 3
H - 4 1 9 - B  8 2 : 9  ( 9 . 1 )  3 - 1 5 : 1  1 - 2  3
APPENDIX 5. Preparation of competent cells and bacterial
transformation
1. Inoculate 50 ml of L-broth with fresh culture of an £. 
coli strain (K802, HB101 e t c .) and grow overnight at
37°C.
2. Inoculate 1 ml fresh overnight culture into 50 ml L-
broth and grow at 37°C until O D 6 0 0 = 0 .3-0.6.
3. Chill cells on ice for 20 min and centrifuge at 5 Kxg 
for 5 min at 4°C.
4. Pour off supernatant, add 20 ml ice cold 50 mM CaCl2 to 
a 35 ml c o m i c a l  tube, gently resuspend the pellet by 
swirling, and incubate on ice for 30 min.
5. Spin down the cell at 4.7 Kxg for 5 min, discard
supernatant, and gently resuspend in 1-4 ml ice cold 50 mM 
CaCl 2 ■
The competent cells thus prepared were stored for 24 hr at 
4°C before transformation or instantly frozen with liquid 
nitrogen after glycerol concentration was adjusted to 13 % 
and stored at -80°C until use.
6. Add 1-100 ng of DNA to 200 ml cell suspension, mix well
by tapping, and incubate on ice for 30 min.
7. Heat-shock the cells at 42°C for 2 min, add 1 ml L-broth 
and incubate at 37°C for 60 min with gentle shaking.
8. Plate 200 ul aliquots onto appropriate agar plates.
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APPENDIX 6. Protocol of plasmid minilysate DNA preparation
25 mM Tris-HCl, pH 8.0, 10 mM EDTA, 50
glucose, add 5 mg/ml lysozyme 
use
% SDS, made fresh 
M HAc, pH 4.8, chilled
0.2 N N a O H , I 
3 M K A c , 2
Sol u t i o n s : Sol'n 1
mM D-
just before
Sol 'n 2 
Sol'n 3 
before use
Grow cells overnight in 2 ml media 
0.5 ml culture kept at 4°C 
Transfer 1.3 ml culture into eppendorf tube 
spin 1 min at room temp, 
aspirate supernatant 
Cell pellet
a d d  100 ul s o l ' n  1 
resuspended, 
add 2 00
v o r t e x  u ntil 
stand 10 min at r.t.
2, mix by inversion,
cel Is are
and hold for 5
3, mix by inversion, and hold for 5
ul sol'n 
min on ice
add 150 ul sol 'n 
min on ice
spin 10 min at 10 Kxg 
Transfer 350 ul clear supernatant to fresh tube
add 350 ul phenol/CHCl, vortex 2 min, and spin 3 min 
Transfer aquaous phase to fresh tube
add 700 ul r.t. EtOH (room temperature ethanol), mix, 
stand 2 min at r.t.
spin 2 min, and aspirate completely 
DNA pellet
add 100 ul 0.3 M NaAc, pH 5.5, votex 1 min 
add 250 ul r.t. EtOH, mix, stand 2 min 
spin 2 min, aspirate supernatant 
wash pellet with 1 ml 70% EtOH by 1 min spin 
aspirate supernatant 
DNA dissolve in 20-50 ul TE
APPENDIX 7. Protocol for rapid isolation of plasmid DNA
Grow cells overnight in 250 ml of appropriate medium
spin at 5 Kxg for 10 min at 4°C 
Cell pellet
add 6 ml sol'n 1, resuspend, hold for 20 min on ice 
add 12 ml sol'n 2, mix by inversion, hold for 20 min 
on ice
add 7.5 ml sol'n 3, mix by inversion, hold for 20 min 
on ice
spin for 15 min at 15 Krpm 
Transfer clear supernatant to fresh tube 
add 50 ul RNase A (1 mg/ml)
incubate for 20 min at 37°C
extract once with phenol/CHCl3 
Transfer aquaous layer to fresh tube
precipitate DNA with 2 vol of r.t.EtOH 
dry under vacuum 
dissolve pellet in 1.6 ml H2O 
add 0.32 ml of 5 M NaCl, mix
add 2 ml of 13% PEG (M.W. 6,000-8,000), mix 
hold on ice-water for 60 min 
spin for 10 min at II Kxg 
remove supernatant 
DNA pellet
wash pellet with 70 % EtOH 
Dry and dissolve in TE
APPENDIX 8. Protocol for isolation of high quality plasmid 
DNA
So l u t i o n s :
A. Lysozyme buffer 25 mM TrisHCl, pH 8.0, 10 mM
EDTA, 50 mM glucose
B. DNA buffer 100 mM TrisHCl, pH 8.0, 20 mM
N a C l ,
10 mM EDTA
Grow cells overnight in 1 liter L-broth 
spin at 4.5 Kxg for 15 min at 4°C 
Cell pellet
add 100 ml lysozyme buffer, resuspend, add 200 mg 
lysozyme, and incubate on ice for 30 min
add 1-3 ml 5 N NaOH and mix well with spatula
add 5 ml 10% (w/v) SDS, mix, adjust pH to 12.6-13.0 
with 10N NaOH, and incubate on ice for 30 min
add 30 ml 2 M Tris-HCl, pH 7.0, mix, add 34 ml 5 M
NaCl, mix, and incubate on ice for 1-4 hr
spin at 4.5 Kxg for 10 min
Mix supernant with 1/4 vol of 50 % (w/v) PEG-6,000 and
incubate on ice for 4-24 hr 
spin 10 Kxg for 10 min 
DNA pellet
resuspend throughly the pellet in 7.5 ml TE 
add 7.5 ml chloroform and mix by inversion 
spin 10 Kxg for 5 min
repeat the chloroform extraction until upper layer is
clear
add 1 ml ethidium bromide (44 mg/ml) and CsCl to 
adjust density to 1.57
incubate on ice for 30 min and spin at 8 Kxg for 10
min
adjust the CsCl density of supernatant again 
spin 110 Kxg for 35-48 hr 
Plasmid band
recover plasmid from the top with transfer pipette 
r e m o v e  e t h i d i u m  b r o m i d e  w i t h  2 Ox SSC-saturated 
isopropanol (4-7 times)
dialysis the plasmid solution with 3 changes of 2 
liters of dialysis buffer
concentate the solution by using a hair-dryer
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APPENDIX 9. Protocol for DNA sequencing
S o l u t i o n s :
Sequanase b u f f e r (5X) 200 mM TrisHCl, pH 7.5, 
MgCl , 250 mM100 mM 
NaCl
Labeling mix(5X)
7 . 5 uM
ddG Termination mix 80 UM dGTP, 80 uM dATP, 80
7.5 uM dGTP, 7.5 uM dCTP,
dTTP
uM
uM ddGTP, 50
dCTP, 80 UM dTTP, 8 
UM NaCl
ddA Termination mix 
ddT Termination mix 
ddc Termination mix 
Stop solution
same except 8 uM ddATP
same except 8 uM ddTTP
same except 8 uM ddCTP
95 % formamide, 20 mM
% bromophenol 
Xylene
EDTA, 0.05 
blue, 0.05 %
Cyanol FF
Sequencing reactions
1. Prepare annealing mixture (1 ul primer, 2 ul sequencing 
buffer, 7 ul DNA) , heat 30 min at 65°C and cool slowly
to room temperature.
2. Dilute the Labeling mix 5-fold with distilled water.
3. Dilute the Sequanase 1:8 in ice-cold TE buffer and
stored on ice.
4. Prepare labeling reaction mixture ( to annealed DNA
mixture, add 1 ul 0.1 M D T T , 2 ul diluted labeling m i x ,
[g a m m a -^ ]-dATP, 2 ul diluted sequanase), mix throughly 
and incubate at room temperature for 5 min.
5. Terminate reaction by adding 3.5 ul of labeling reaction 
to prewarmed termination tubes(G,A,T and C) and 
incubating at 37°C for 10 min.
6. Stop the reactions by adding 4 ul of stop solution.
7. Heat samples to 75®C for 2 min immediately before
lo a d i n g .
1 0 8
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